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This study, carried out as an addition to work already 
done by other workers on subalpine forests and climate, 
deals with the plant communities on a small ridge at between 
10,000 and 11,000 feet on the East Slope of the Front Range 
in Boulder County, Colorado. By means of the transect 
method four separate forest communities were delimited: a
fir stand, a limber pine stand, a mature lodgepole stand, 
and a young lodgepole stand. The qualitative and quantita­
tive characters of these communities and the transition 
areas between them were studied; trees, shrubs, and herbs 
were all considered. The characters of the communities, 
together with some data on soil composition, light trans­
mission, and general climate, are described and discussed.
From the analysis of the stands it is concluded 
that: 1. All of the four communities are successional
stands which have grown up after fires. All will eventually 
return to spruce-fir climax forest. 2. The young 
lodgepole community is the youngest stand. Its tardy 
reforestation was probably controlled by herb competition 
and seed destruction by rodents and birds. 3. The mature
lodgepole stand and the fir stand are the same age and 
represent different phases of the same successional process 
resulting from soil moisture differences. 4. The lodgepole 
pine is limited in its distribution on the ridge by 
excessive insolation and by wind. 5. The limber pine is 
limited by competition. 6. The secondary vegetation of the 
subalpine zone and of the forest communities studied is 
extremely variable.
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INTRODUCTION
This study deals with the forests on a single low 
ridge, Ilpleut Ridge, in the high mountains of the Front 
Range in Northern Colorado. Although the ridge is only 
about three fourths of a mile long and three eighths of a 
mile wide, it contains four rather distinct succession 
communities; these were studied and compared. Throughout 
the study primary attention was given to the trees them­
selves; but the shrubs, herbs, and vertebrate animal life 
were also considered; and an attempt was made to correlate 
environmental factors with community phenomena. Some 
special emphasis was given, during the course of the work, 
to the soil factors.
The study is basically descriptive. It attempts to 
present a picture of a dynamic unit, the plant community, 
at one stage of its mobile career, to relate the present 
picture with a variant past and future, and to suggest 
causal factors. The study is quantitative, and should be 
adequate for comparison with related studies; nevertheless, 
it was planned primarily to facilitate analysis and compari­
son of the communities on the ridge as a whole and is 
definitely slanted toward that goal.
aThe reasons which prompted the undertaking of the 
study were several. Primary was the author’s interest in 
mountain forest communities generally and in those of the 
subalpine region particularly. Since it was her wish to 
deal with a circumscribed area which could be studied in 
some detail as a specific biome or a group of closely related 
ones, rather than with various areas representative of an 
association, such as the spruee-fir forest, a single ridge, 
easily delimited, was selected. This particular ridge had 
the advantages of being relatively accessible and of being 
near the sub-alpine environmental analysis stations of the 
University of Colorado Institute of Arctic and Alpine 
Research; consequently, the Institute’s environmental 
studies and the community study could be related and used to 
complement each other. Then, too, the ridge presented an 
intriguingly dynamic picture: here was not one, but a series
of suceessional communities— a most attractive prospect for 
an ecologist. As the study progressed, the Pinus flexilis 
succession, since it represented a little known phase of 
subalpine ecology, gradually demanded a rather large share 
of interest; and much of the latter work was slanted toward 
an understanding of this particular community.
Work on any particular phase of subalpine forest 
ecology, such as the limber pine forest, would add to the 
sum of our knowledge of the plant communities in the United 
States. Western forests have been less thoroughly studied
3than eastern ones; and the high mountain forests, toeing less 
accessitole and less directly involved in economic pursuits 
than the lower ones, have been neglected. Many unconnected 
studies have toeen earried out here and there in the Rocky 
Mountains, tout there is need for many more to fill in the 
gaps in the picture. Recently Costing and Reed (1952) have 
taken a major step in that direction through their study of 
the spruce-fir forests in the Medicine Bow Mountains of 
Wyoming. And the Aretie and Alpine Institute is carrying on 
valuable research toward the understanding of mountain 
environments as correlated with plant communities. It is 
believed that this study will also add to the total picture 
of the sutoalpine zone.
fhis zone is an important one— a wilderness playground 
of unmatched toeauty, a potential source of lumtoer, and, not 
the least, the toirthplaee of most of our rivers. It is 
in the consideration of watershed preservation and restora­
tion that studies of succession may have their most perti­
nent practical application. In many parts of the 
Rockies, forest fires destroy countless acres of timber.
Mueh of this forest served to cat eh and hold the winter 
snows which maintain the flow of streams to the irrigated 
valleys below. Reforestation of these burned-over areas is, 
consequently, of great importance. A knowledge of natural 
suceessional processes will guide reforestation programs. 
Lodgepole and aspen suceessional stands have toeen studied,
4though there is probably still mueh to learn about them; but 
little attention has been paid to the limber pine. As this 
species is the natural pioneer tree on many subalpine 
ridges— such as the west-sloping Mammoth Burn near Apex, 
Colorado— it could, perhaps, be used in reforestation 
programs.
A survey of the literature dealing with forest 
communities in the region studied reveals a lack of detailed 
studies. Young, in 1907, published a general description of 
forest formations in Boulder County. The descriptive work 
is excellent, but the author failed to recognize the 
suecessional role of either the lodgepole or of the limber 
pine. Ramaley and Robbins (1909) studied the area around 
Redrock lake above lard, Colorado. Their study dealt 
primarily with lakeside vegetational zones, and they paid 
considerable attention to the forest nzoneM. Both climatic 
factors and the plant communities themselves were studied. 
The climatic observations, by the neeessary limitations 
imposed by time and the lack of instruments, are incomplete. 
The community descriptions are more adequate. Descriptions 
are given of spruee-fir, limber pine, and lodgepole pine 
communities. However, very little quantitative data were 
obtained, and the suecessional roles of the two pines again 
were unrecognized. Clements (1910) dealt with the 
lodgepoles in the Estes Park region. He definitely 
recognized their suecessional status. Rydberg (1915 and
51917) made an extensive survey of subalpine forest forma­
tions, but his work is very general. Hor does he deal with 
the suocessional phases of the forests. Bonduvant, in a 
master’s thesis in 1933, followed the succession of plants 
on a denuded area near the University Camp. Her study, 
which was quantitative, deals largely with herbs, although 
the initial stages of a lodgepole succession were observed. 
Sperry (1936) in his studies of the trees of Rocky Mountain 
national Park covered both spruce-fir and lodgepole forests, 
but the lodgepole stands were at a relatively low altitude 
(8,725 feet). He set up study plots in both forests? and 
his findings are useful for comparison with the results of 
the present study as his work was done in a contiguous 
region. His stands were not, however, in a single area, but 
were ehosen as representative of different formations. 
Daubenmire (1943), in a review article on vegetational 
zonation in the Rocky Mountains, describes the zonational 
patterns, the environment, and the etiology of vegetational 
zonation in this region. His work, though general, has been 
an invaluable source of information, especially with 
reference to causal factors influencing tree distribution. 
Finally, Oosting and Reed (1952) carried out an extensive 
and quantitative study of spruee-fir forests in Wyoming, 
fhey did not deal with suocessional forests, but compari­
sons of their observations on the ecological life histories 
of the two dominants of the subalpine zone, the Engelmann
6spruce and the subalpine fir, with the data secured in the 
present study will be given below.
Some of the major trees within the communities on the 
ridge have been rather thoroughly studied. Clements (1910) 
and Mason (1915) have delineated an almost complete pieture 
of the life history of the lodgepole pine. Frequent 
reference to their work will be made in the discussion of 
communities whieh follows. The Engelmann spruce and,to a 
lesser extent, the subalpine fir have also been studied, 
lowdermilk (19S5) considered many aspects of spruce repro­
duction and the relations between spruce and subalpine fir 
reproduction in cut-over and undisturbed forests. Hansen 
(1940) studied ring growth and dominance in the spruce-fir 
associations in Wyoming. And Oosting and Reed (195E) have 
given an adequate summary of the existing literature on the 
autecological relationships of these two trees. Reference 
to these works will be made in the discussion of observed 
data. There is an almost complete laek of information on 
the life history of the limber pine.
A great many authors have dealt with the causal 
factors in the distribution of the species considered in 
this paper. A discussion of their findings will also be 
postponed until the actual distributional and growth 
patterns of the forests on the ridge have been presented.
ACKNOWLEDGMENTS
Many people have helped, directly or indireotly, to 
make this project possible. I particularly wish to thank 
my husband, Dr. John R. Douglass, for his patient help in 
the field and in all the other phases of the work and for 
his constant encouragement, and Dr. John 1. Marr for his aid 
and inspiration throughout the project. Without them the 
work could not have been completed. I also want to thank 
Dr. William A. Weber, who helped with the identification of 
herbs and served as second reader; Dr. Olwen Williams, who 
kindly loaned me equipment; Miss Jane Leas, Dr. Hazel 
Sehmoll, Mr. E. G. Hill, Mr. R. D. Ward, and especially 
Mr. H. N. Wheeler, who helped unearth the buried history of 
the ridge; and the staff at Science Lodge, who made our 
stay there so pleasant. To Gamma Chapter of Delta Kappa 
Gamma, I am indebted for a scholarship which paid part of 
the expenses of the project and to the Metallurgy and 
Chemistry Departments of the Colorado School of Mines for 
the use of equipment.
GEOGRAPHIC LOCATION AND DESCRIPTION OF THE GEOLOGY 
AND TOPOGRAPHY OF THE RIDGE
The ridge on which the study was conducted lies at 
an altitude of between 10,000 and 11,000 feet near the 
Continental Divide on the Eastern Slope of the Front Range.
It includes parts of Sections 21, 22, 27, and 28 of Township 
1 North, Range 73 lest, and is about one mile northwest of 
Science Lodge and one fourth of a mile from Hill’s Mill.
The Albion Road forms a boundary on the south, the Rackabore 
Trail on the east, and a swamp on the west. An unreforested 
portion of an old burn at the head of the southernmost brandi 
of Fourmile Creek was taken as the northern limit of the 
stands studied, and it is a clear and readily recognizable 
boundary. One transeet was run across the Albion Road, and 
thus beyond the originally set boundaries of the area, so 
that an adequate sample of the fir-dominated forest could 
be obtained. This transect ran to the treeless, swampy 
upper reaehes of Como Creek. The study was otherwise kept 
within the specified area.
The low ridge thus bounded is about three fourths of 
a mile long and three eighths of a mile wide. It is shaped 
roughly like an elongated parallelogram with the longest 
axis of the figure and the ridge top extending somewhat 
northwest-southeast.
9Unfortunately, no contour map of the ridge on a scale 
sufficiently large for use has teen made* However, an 
aerial photograph (Fig. 1) has teen marked to indicate the 
outlines of the study area and its relation to visible land­
marks, and a contour sketch (Fig. 2} made from field 
observations shows the general topography. It is to be 
noted, however, that the contour lines are only approximate.
Both northeast and southwest slopes are steep, but 
not precipitous. They become much more gradual to the 
west. On the northwest end of the ridge top there is a 
broad, almost level area; then the ridge top dips abruptly 
and again levels somewhat to a gentle slope on the south­
east end. The Western Transect (WT) slopes gradually 
throughout its extent. The Bellyband Transect (BBT) is 
almost level at its southwest end (where it runs through 
fir-dominated forest); then it slopes steeply to the ridge 
top, runs for some distance almost level, and drops over 
the shoulder of the ridge. The Bower Transect (BT) runs 
over a very gentle slope except at its northeastern end, 
where it drops abruptly for a short distance. The upper 
two thirds of the Ridge lop Transect (RTT) is almost level;
then a sudden drop occurs and the transect again levels
%
out. The Eastern Transect (ET) slopes very gently through­
out its extent.
Geologically the ridge is typical of many of the 
morainal deposits immediately surrounding Science Bodge

Fig. 1. Aerial Map of the Vicinity 
of Science lodge, Colorado, 
showing the outline of the study 
ridge and its location with reference 
to local land marks.
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(Morey 1927). The upper layers are composed of glacial 
drift from former glaciers in the Arapahoe and Albion 
Valleys. This drift is an unassorted and unstratified mass 
of boulders of various sizes mixed with finer material. The 
drift boulders themselves are composed of granites, gneisses, 
schists, felsite porphyries, and a few scattered hornblend- 
ites and diorites. Much of the drift is greatly weathered. 
Occasionally large masses of rock, overridden by the ice, 
protrude through the drift. But although there are such 
rocky outcrops and large boulder^ there are no continuous 
stretches of unbroken rock. The soil material between the 
boulders is for the most part very coarse and rather loosely 
packed. Though the thickness of the drift on the ridge 
cannot be exactly determined, there are places on the Albion 
Hoad near Hill’s Mill where the country rock is no more than 
a foot below the surfaee.
METHODS AND MATERIALS
The field work for the project was done during July, 
August, and September of 1953 because it was desirable to 
study the forest plants, especially the herbs, during the 
growing season.
Contrary to the most common practice in similar 
studies, belt transects rather than quadrats were used as 
the sampling units. The reasons for this choice of method 
are two: First, under field conditions, where the number
of study plots was severely limited both by the time 
available and the difficulties of the work, transects 
promised to give more complete data for comparison of the 
communities on the ridge than any other method. The 
variations produced by slope, exposure, and drainage could 
all be taken into account by this method; whereas, even by 
careful spacing of quadrats, an equal sampling of total 
variation would have been impossible within the time avail­
able and without more field assistance. Transects could 
cover this particular ridge more fully than could q.uadrats.
Second, a rather thorough study of sampling methods 
previous to the present work indicated that although 
transects had not been used much for forest community 
studies and that, where they had been used, quadrats were 
usually set up too, transects themselves would provide the
most adequate sampling of any community where there existed
decided variations in soil, exposure, or slope. It is
impossible to eover the discussion about sampling methods to
any great length here. However, the following statements
will be sufficient to support the use of the transect. Pay
(1920) says in reference to crop sampling plats:
fhe shape of the plat has an important effect on
variation that has in the past been overlooked or
misunderstood. More accurate results are obtained from 
single plats that are long and narrow and extend in the
direction of greatest variation than from those of other
shapes. . . . fhe most effective replicated block from 
the point of view of shape is one that is long and 
narrow and has its greatest dimension in the direction 
of greatest variation.
Christidis (1931) comes to the same conclusion in reference
to crop studies, wIn the light of these investigations, in
order to reduce the effect of soil heterogeneity, the plots
used should be as long and narrow as possible.” Clapham
(1932) referring to shrubs says, w. . . for the same area
counted, strips have given almost twice as much information
as squares.” Peehaneo and Stewart (1940) have this to say
about sampling range vegetation: wLong narrow sampling
units are generally somewhat more efficient than sq.uare
ones.” And Canfield (1941) gives this reason for his use
of the line-interception (line-transect) method:
. . . Why the sampling unit of this form is preferred 
refuires a more thorough explanation. In the first 
place it has been observed by various workers that 
the size and conformation of plots influence the 
efficiency of the sample. In general, oblong and oval 
plots have proved to be more efficient than square or 
round plots of eq.ua! area. Length is apparently the
14
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factor that gives oblong plots their superiority. 
Personally conducted tests indicate that the length of 
the plot contributes greatly to the amount and reliabil­
ity of the information obtained from the sample. In 
using a line as a unit of sampling, this factor (length) 
is developed to the maximum. It is also reasoned that 
a line, by virtue of its greater length, not only 
increases the likelihood of encountering ”a greater 
number of plants,” but also increases the chances of 
encountering more kinds of herbage than could be 
expected in the shorter more compact rectangular plot.
It is a matter of eommon observation that unusual 
conditions in the distribution of vegetation seldom 
follow straight lines; therefore, the chance of 
measuring a disproportionate share of the unusual, such 
as the occasional group or family of plants, is reduced 
by using a long, narrow sampling unit.
But although these authors certainly state the
general superiority of long sampling plots in definite terms,
none of them is specifically concerned with forest
communities. In a very recent article in Ecology, on the
other hand, F. H. Bormann (1953), who worked in forest
communities, has this to say;
When calculated on a unit-area basis, variance decreases 
as the plots are increased in length provided that the 
longest axes of the rectangular plots cross observed 
contours and vegetational or soil banding.
There is, therefore, adequate support for the 
adoption of the transect method; and this method, adapted 
to the current problem, was used throughout the study. As 
a further test of the adequacy of the tree samples, the 
average basal area of the dominant species in each commu­
nity was plotted against the number of transect plots 
until there was no significant change in the average.
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The fir community was quite limited and had, there­
fore, the fewest test plots; yet even here there was little 
change in the average basal area with the addition of more 
test plots; and since the basal areas were recorded in 
inches, this variance is not very significant. The samples 
of the limber pine, the old lodgepole, and the young lodge­
pole forests included more plots than were necessary to 
obtain a minimum accurate sample. (See Table I.)
TABLE I
VARIATION OF AVERAGE BASAL ARM WITH NUMBER OF SAMPLE PLOTS
Average Basal Area in Inches of Dominants
of Blots    ‘ — —
Abies P. flexilis Mature Young
P. contorta P. contorts
5 29.2 119.0 55.6 51.1
10 27.0 91.7 36.2 35.7
15 46.4 64.3 24.1 37.6
20 49.9 77.2 21.6 37.7
25 40.0 61.7 21.7 38.0
26 39.7
30 51.5 18.1
35 52.2 17.6
40 62.7 17.8
45 69.9 15.9
50 70.4 16.8
55 64.0 17.0
60 63.3 17.7
65 59.3
70 56.7
75 56.7
80 55.3
1?
The method of procedure was as follows: At the
beginning of the study the approximate axis of the ridge 
was determined by observation and aerial photograph, A 
transect was then laid by use of a compass at right angles 
to the long axis of the ridge and at its approximate center. 
This transect (BBT) ran west-southwest at 235 degrees (Fig. 
3). The study strip was three feet wide and 1700 feet long 
and was divided into twenty-foot plots. All trees, except 
seedlings less than two inches high, were recorded along 
the strip. The trees were then plotted on ruled paper in 
color and the boundaries of the various communities, as 
well as of the transition areas, roughly located. Then 
two transects were laid out parallel to the first and on 
either side of it at approximately 200-yard intervals.
Then another line was laid at right angles along the ridge 
top and still another 200 yards to the northeast of the 
latter and parallel to it (Fig. 3). Thus there were five 
transects in all; the Western Transect— 800 feet; the 
Bellyband Transect— 3,700 feet; the Lower Transect— 3^40 
feet; the Ridge Top Transect--3^34Q feet; and the Eastern 
Transect— 400 feet, totaling 5,380 feet. Since each strip 
was a yard wide, there were in all 16,140 square feet of 
study plot divided into 269 sixty-square-foot plots, or a 
little more than the equivalent of four 66-foot quadrats.
But these plots were well distributed over the entire

Fig. 3. Plant Communities on Ilpleut Ridge, 
showing transects and plot numbers in 
which community boundaries occur.
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impossible to find all the one- and two-year seedlings in 
the long plots; these were therefore recorded separately in 
the plots set up for herbs, layered branches were counted 
as individuals if they were strongly rooted. Multiple­
trunked trees were counted as single individuals, but the 
diameter of each trunk was recorded, later, in computing 
size classes, the tree was put in the class into which the 
largest of its living trunks fell.
After the field records were complete, the trees were 
plotted in color on ruled paper for each separate transect. 
The transect strips were then pasted in their proper 
relation on a larger sheet of paper. The community bound­
aries were determined and drawn in to form a map of the 
ridge. In most cases the boundaries between communities 
were readily discernible from species composition; and 
where these boundaries were dubious, size of trees and 
other field information was weighed carefully in making 
the delimitations. The plots were then listed as belonging 
to the various communities or transitions areas. The 
frequency, density, size-elass percentages, and basal area 
figures were computed for living trees of each species 
on the ridge as a whole and in the separate communities and 
transition areas. The phytosooiological data were 
calculated on the basis of the following definitions: 
Frequency is an expression of the percentage of the total
impossible to find all the one- and two-year seedlings in 
the long plots; these were therefore recorded separately in 
the plots set up for herbs, layered branches were counted 
as individuals if they were strongly rooted. Multiple­
trunked trees were counted as single individuals, but the 
diameter of each trunk was recorded, later, in computing 
size classes, the tree was put in the class into which the 
largest of its living trunks fell.
After the field records were complete, the trees were 
plotted in eolor on ruled paper for each separate transect. 
The transect strips were then pasted in their proper 
relation on a larger sheet of paper. The community bound­
aries were determined and drawn in to form a map of the 
ridge. In most cases the boundaries between communities 
were readily discernible from species composition; and 
where these boundaries were dubious, size of trees and 
other field information was weighed carefully in making 
the delimitations. The plots were then listed as belonging 
to the various communities or transitions areas. The 
frequency, density, size-class percentages, and basal area 
figures were computed for living trees of each species 
on the ridge as a whole and in the separate communities and 
transition areas. The phytosociological data were 
calculated on the basis of the following definitions: 
Frequency is an expression of the percentage of the total
sample plots in which a species ©Gears. The frequency classes 
used are A 1-20 per cent, B 21-40 per cent, C 41-60 per cent,
D 61-80 per cent, E 81-100 per cent. Density is the average 
number of individuals per plot. Basal area is the area occu­
pied by the trunks of the trees. Diameter breast high is 
used as a basis for computing basal area. Size classes were 
delimited as follows: below two feet in height, seedlings;
two to eight feet, saplings; above eight feet, trees. The 
number of dead trees and stumps of each species was noted 
and some attention was paid to the numbers of each in the 
different communities.
Increment borings were made along three of the tran­
sects. An attempt was made to get trees of each species 
representative of each size class above two inches diameter. 
The borings were made at a height of approximately eighteen 
inches from the ground. For convenience of operation most 
of the borings were taken along the Bellyband Transect. A 
few aspens were bored and a few (from outside the study 
plots) cut, but it was impossible to determine their age 
because their ring structure was indistinct.
Along each of the transects, the shrub growth in 
every third plot was recorded. This amount of shrub samp­
ling seems rather large compared to what would ordinarily 
be obtained in a set of nested quadrats. However, since 
the shrub cover was extremely sparce, it was hoped that 
thorough sampling would create a more representative picture 
of this cover than could otherwise be obtained. Coverage
and average height were figured for all species in each 
sample plot. Ho attention was paid to numbers of individuals 
for these could not be accurately determined. Vaecinium 
was not recorded in the shrub plotss although it is actually 
a low shrub, it occupies a position comparable, not to such 
species as Juniperus communis, but rather to typical herbs 
in these forests. Since it occupied the herb stratum, it 
was recorded with the other plants in that synusium.
Species of herbs observed on the entire ridge were 
recorded during the course of the study, and at every third 
plot along the transects an herb plot one yard square was 
set up with regular quadrat frames. It was hoped that the 
ninety plots thus set up would give a representative picture 
of the extremely variable herb stands on the ridge. In 
each plot the different species of herbs and the number of 
each were recorded. Shoots if connected by long rhizomes 
or by stolons and in effect separate individuals were 
counted as such. As it was impossible to eount individuals 
in some of the closely grouped grasses and sedges, the 
clumps were measured and the density figures later converted 
by allowing one fourth of a square inch basal area to equal 
one individual. The identification of dubious herbs was 
checked with Dr. William A. Weber of the University Herbarium, 
but because of the difficulty of identification of individ­
uals in the vegetative state there may have been some slight 
error in determining numbers of two pairs of species:
Carex rossii and Carex siecata, and Trisetum spicatum and 
Calamagrostis purpura seen a may have been occasionally con­
fused, although usually vegetative differences were great 
enough to make positive distinction possible.
Frequencies and densities were figured for all 
species on the ridge as a whole and frequencies on all 
species for the different communities. Densities were 
figured only for the most important species in all the var­
ious communities. Throughout the study Yaccinium myrtillus 
was treated as an herb. Cryptogams were not studied.
Throughout the course of the study all mammals and 
birds seen on the ridge and the evidences of their influence 
were noted and recorded. Data on environmental factors were 
obtained within the framework of the transect plan. Soil 
samples were taken at six and twelve inches in every ninth 
plot along the Bellyband Transect. Observations of soil 
texture and color, the depth of horizons, and root distri­
bution were made on the spot. The samples,transported in 
air-tight cans, were later oven dried to determine water 
content and screened to determine percentage composition in 
terms of the different sized soil particles. Colorimetric 
pH tests were run on all samples with a "LaMotte-Kenny 
Indicator* field set. Light readings were made on September 
5 at the end of each of the 86 plots in the Bellyband Tran­
sect. These readings were all made within an hour and a 
half, from 10:45 A.M. to 12:15 P.M., under a completely
23
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clear sky. leadings were made at the point of division 
between plots, and the meter was held horizontal and at the 
ground leVel (since insolation probably has its most direct 
effect on seedlings). A “Weston Illumination Meter, Model 
603," was used for all readings. Because it was impossible 
to correct high readings and because the correction margin 
was small enough to be unimportant, the readings were taken 
without alteration, eiimatological data were obtained from 
the as yet incomplete records of the Arctic and Alpine 
Institute.
All calculations were made with the use of a mechan­
ical calculator. As a general rule figures were rounded off 
to the nearest tenth, but in a few eases magnitudes were so 
small as to necessitate more detailed calculation.
OBSERVATIONS
Plant Communities on the Ridge
Community patterns
The first transect set up indicated a rather definite 
division of the ridge into separate communities. Further 
work revealed that there are four semi-distinct stands 
(Fig. 3): one dominated by Abies lasioearpa, the subalpine 
fir; one, by Binas flexilis, the limber pine; one incom­
pletely dominated by large Binas contorta var. murrayana, 
the lodgepole pine; and the fourth hy a young, dense stand 
of the latter species. Transition areas, usually not more 
than one hundred feet wide, separate the first three 
communities from each other, but the transition between the 
two lodgepole communities is an almost sharp line; for the 
young lodgepole forest is a suocessional stand following a 
clean burn (Fig. 4).
The fir-dominated community occupies the more obviously 
mesie sites on the ridge. In fact, a good many portions of 
the forest are swampy. The stand is fairly close although 
many "islands" of open ground appear within the surrounding 
"ocean" of clumped, crowded trees (Fig. 5 and 6). There is 
an abundance of firs of all sizes up to forty feet tall, a 
few large spruces, and a good many large lodgepoles (Fig.6). 
Fallen and rotting timber lies everywhere, (Fig. 7 and 8)
Fig. 4. Ilpleut Ridge from Hill's 
Mill Environmental Analysis station. 
The transition between the old and 
young suocessional forests appears 
as a rather sharp line of color and 
texture difference in the center of 
the photograph.
f i r-dominated stands
8?
Fig. 5. Open ground in the Fig. 6. large, aging lodge- 
middle of the dense forest. pole (right) in a fir stand.
Fig. 7. Fallen timber at the edge of a 
clearing.
FIR-DOMINATED STANDS
88
Fig. 8. Fallen 
trees with fir 
seedlings among 
them
Fig. 9. Remains 
of a very large 
tree at the edge 
of the fir forest 
(center,with hat 
resting in 
hollowed trunk 
segment) •
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and there is evidence that once a mighty forest with trees 
up to four feet in diameter stood here (Fig. 9}. fhe ground 
cover is extremely variable, fhe islands of open ground are 
eovered with a very dense layer of herbs of many species, 
while in the dense shade little except a few scattered 
huckleberries grows.
fhe transition areas between the fir-dominated commu­
nities and the other forest stands are regions where a 
heterogeneous mixture of species occurs. Figure 10 shows a 
stand in the transition area between the fir forest and the 
limber pine stand on the Bellyband f ran sect. All four major 
species; the subalpine fir, the Engelmann spruce, the 
limber pine and the lodgepole pine ean be seen in close 
juxtaposition, yet fully developed, nevertheless, these 
transition areas— especially between the fir and the limber
pine--are g.uite narrow, fhe boundaries between the fir and 
the mature lodgepole are less distinct, but fairly definite 
(Fig. 11). However, small groups of large firs and spruces 
do occur in both of the other forests, particularly in the 
mature lodgepole stand, fhe transition on the west side of 
the ridge between fir forest and swamp is very abrupt, and 
there is considerable evidence to indicate that the swamp 
is gradually encroaching on the fir stands (Fig. 12).
In contrast to the fir stands, the limber pine - 
dominated community occupies the more xeric sites of the 
south— and west-facing slopes and the ridge top. It is
FIR TRiLNSIII OH ARIA
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Fig. 10. Transition 
area showing mixture 
of the four major 
tree species: lodge- 
poles (on the left 
and right), a large 
limber pine (center) 
young firs (beneath 
the limber), and an 
old spruce (right 
background).
Fig. 11. Transition 
between fir and 
mature lodgepole.
Fig. IS. Abrupt transition 
between fir forest and 
swamp.
FIR-SWAMP TRAISIflQI ARIA
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a very open stand of rather evenly spaced, trees-—almost park 
like (Fig• lo and 14)* The dominant limber pines are mostly 
quite large, and many of them have several trunks and are 
somewhat lyre-shaped (Fig. 15), There are almost no small 
limber pines. Under the shade of many of the spreading 
giants are many small firs and spruces— often in dense 
clumps (Fig. 16). There are also a few large spruces and 
firs (Fig. 17) and occasional well developed lodgepoles 
(Fig. 14). Aspen clumps occur in localized areas. In 
these stands there are very few well developed trees but 
an abundance of saplings (Fig. 18). There are a good many 
dead limher pines in the community and in many places a 
surprising number of wind-fallen giants (Fig. 19). Ground 
cover is generally rather sparse. On south-facing slopes 
there are large patches of Juniperus communis (Fig. 20), 
and there are a number of species of grasses, sedges, and 
forbs in the clearings. Yet only in the occasional patches 
of Carex is the herbaceous cover very dense.
The end of a limber pine-dominated stand is often 
OLUite definite; for where large trees oeeur they are usually- 
controlling in the community. But the transition zone 
between the limber pine and the mature lodgepole communities 
is the widest of the transition areas found on the ridge.
It is a band of mixed species where no dominance relations
are evident.
In that area where mature lodgepole is dominant 
the stand is more dense than in the limber pine forest and
LIMBER DUE STANDS
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Fig. 15. Dead limber pine (left) showing multiple trunks.
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LIMBER FIIE SfAIDS
Fig. 18. Aspen stands (left and 
eenter)in limber pine forest.
Fig. 16. Small firs (center) 
growing under large limber 
pine.
Fig. 17. large spruce 
(right) in limber pine 
forest.
LIMBER PIHE STAHLS
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Fig. 19. Large windfall limber pine 
on ridgetop.
Fig. 20. Juniperus
communis (foreground)in 
limber pine stand.
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less dense than in the fir forest. There are many large 
lodgepoles and also a considerable number of seedlings and 
saplings (Fig. 21 and 22}. In some plots there are large 
spruces and firs (Fig. 23), and there are many small ones. 
There is much fallen and rotting timber— mueh of it apparently 
spruce and fir. The ground cover is very slightly more 
dense than in the limber pine forest, but there is less juni­
per and more Yaeoinium and low herbs. The transition areas 
between old and young lodgepole stands are quite abrupt, but 
the area where the old lodgepole community adjoins the 
unreforested part of the burn is full of young lodgepoles 
(Fig. 2d and 23}.
The young lodgepole stand is by far the least variable 
of the communities. The stand is dense and quite even, but 
it permits the passage of considerable light (Fig. 26 and
27). The lodgepoles are between two and seven inches in 
diameter and range from nine to 25 feet in height, most of 
them being between fifteen and 25 feet. There are prac­
tically no other trees in the forest. Considerable evidence 
of burning is to be found on stumps and fallen logs (Fig.
28). There are a few other fallen and rotting trees, but 
not many. Ground cover is often dense— usually primarily 
of Vaccininm; yet there are a number of forbs, sedges, and 
grasses in the forest itself and the peripheral area is 
very rich in both individuals and species (Fig. 29).
37
M&TURE LODGEPOLE SIMPS
Fig. 21 and >s, seedlings and young firs.
Fig. 23. Large 
fir (left) and 
sprue e (right) in 
lodgepole stand.
MATURE LODGEPOLE TRANSITION ARMS
Fig. 24. Medium and small 
lodgepoles on the edge of 
a clearing.
Fi«. 25. Burned and cut over area at 
the edge of mature lodgepole stand.
YOUNG LODGEPOLE STANDS
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Fig. £6 and 27. 
Typical young 
lodgepole stands.
40
YOUNG LODGEPOLE STANDS
Fig. 28. Burned log (left foreground) 
and stump (center foreground) in 
young lodgepole forest.
Fig. 29. Edge of young 
lodgepole forest showing 
an herb q.uadrat in a dense 
low herb stand.
Comparative data on the communities
Throughout the ridge the species within the forest 
fall into distinct strata: the tree stratum, the shrub
stratum, the herb and huckleberry stratum, and the moss and 
lichen stratum. The latter is not especially well developed 
anywhere on the ridge and was disregarded in the study. The 
trees on the ridge at present are no higher than 45 or 
fifty feet. Juniperus communis, the only ma^or high shrub 
present, seldom attains a height of more than twenty inches. 
The herbs vary. A few send up tall flower stalks, Cirsium 
americanum and Fra sera speciosa for example; but the average 
height would probably fall between six and twelve inches.
In the comparative tables which follow, the strata will be 
treated separately; however, transgressives will be 
discussed with the stratum to which they will, if they sur­
vive, eventually belong.
The four tree communities on the ridge differed but
little with respect to their speeies composition. The
subalpine fir and the lodgepole pine were found in all
areas, the spruce and the limber pine in all but the young
lodgepole forest, and the aspen in all but the fir
community and the transition area between the limber pine
and the mature lodgepole. Yet the importance of the
species varied greatly. Tables II through IX showing the
frequencies, densities, size-class distribution, and basal 
areas of the various species in each community indicate
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their differences. Seedling reproduction of fir and spruce 
varied markedly in the various areas, as is shown, by the 
frequency and density data in Table X. These seedlings were 
all between one and two years old. There were no seedlings 
of aspen and very, very few of either lodgepole or limber 
pine.
Reproduction by layering varied with species and commu­
nity. Of the two trees whieh normally reproduoe in this 
manner, there were SB small firs and thirteen spruces 
obviously started by layering. The layered firs were found 
in all communities except the young lodgepole, where there 
was practically no fir, but there were relatively few layered 
trees in either the fir forest (two occurrences in 26 plots) 
or in the limber pine areas (three occurrences in 92 plots).
In the mature lodgepole stand there were eighteen layered 
trees in 28 plots and in the transition areas there were nine 
in 22 plots. Of the layered spruce, eleven were in the 
transition areas, one in the mature lodgepole forest, and 
one in the limber pine forest. Surprisingly enough, one 
group of lodgepole branches showed what was apparently the 
early stages of vegetative reproduction by layering, but 
none of the partly buried lower branches was large enough 
or well enough developed to completely substantiate the 
occurrence of this phenomenon in the lodgepole.
The number of dead trees on the ridge varied with 
both the species and the communities. Table XI-A shows
50
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TABLE X
FREQUENCY AID DENSITY OF OIE- AID TWO-YEAR TREE SEEDLINGS
Community Species
Pin us Pin us
Abies Pioea contorts flexilis
All plots Freq. $ 36.7 27.8 1.1 1.1
Freq. class B B A A
Density 2.9 1.7 — m
Freq. 75.Q 50.0 0 0
Fir Freq. class D C -- --
Density 8.1 9.1 0 0
Freq. $ 62.5 50.0 0 0
Fir Freq. class D C -- --
Transition Density 2.1 4.1 0 0
Limber Freq. 16.7 23.3 0 3.3
Pine Freq. class A B — A
Density 0.9 0.7 0 —
Limber Pine- Freq. $ 42.9 42.9 0 0
Lodgepole Freq. class C C —
Transition Density 1.0 0.4 0 0
Mature Freq. $ 50.0 25 3.6 Q
Lodgepole Freq. class C B A —
Density 5.3 0.6 —— 0
Young Freq. 0 0 0 0
Lodgepole Freq. class — —— — —
Density 0 0 0 0
Mature and Freq. 37.8 18.9 2.7 0-
Young Freq. class B A A
Lodgepole Density 4.0 0.5 —— 0
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A. HUMBER OF DEAD TREES II VARIOUS SIZE CLASSES AID THE
HUMBER OF STUMPS OH THE RIDGE
TABLE XI
Species Dead Trees Stumps
^2 2-8 >8 Dead
Trunks
Total
Abies lasiocarpa 3 21 4 2 30 3
Pieea engelmannii 3 4 5 0 12 0
Pinus contorta 2 3 6 1 13 4
Pinus flexilis 0 0 10 3 13 14
Populus tremuloides 16 10 0 0 26 0
B. NUMBER OF DEAD TREES II VARIOUS COMMUNITIES
Community
All plots 
Fir
Limber pine 
Mature 
Lodgepole
Young
lodgepole
Species Total
No.
Av.
Abies Picea
P'i'nus
contorta
Piniis'... —
flexilis Populus
plot
30 12 13 13 26 94 0.35
15 7 1 0 0 23 0.950 0 1 8 26 35 0.38
7 0 5 0 0 12 0.15
0 0 2 1 0 3 0.12
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species and size class distribution of dead trees and the 
number of standing stumps of each species found along the 
transects. Table II shows the percentage of the total sample 
population of each species found dead. Thus 7.6 per cent of 
the firs, 10.2 per cent of the spruces, 5.7 per eent of the 
lodgepole pines, 16*5 per cent of the limber pines, and 10.8 
per cent of the aspen were dead. These dead trees, since 
the time of their death was uncertain, were not considered 
in the density, frequency, or basal area determinations.
Table XI-B shows the distribution of dead trees in the 
various communities and the average number of dead trees per 
plot •
Increment borings were taken almost without reference 
to communities in order that a representative series of 
trees for each species might be obtained. Very little 
correspondence between the ring patterns in the various trees 
in preliminary ring counts was found, and further analysis 
of absolute ring width is reserved for a future study. One 
over-all pattern was, however, evident in a large number of 
spruces, limber pines, and lodgepoles. In these, after 
several years when only narrow rings were laid down, there 
began a period when wider rings were added. This apparent 
spurt of growth started about 27 years ago. The various 
species also showed characteristic growth patterns. Most of
the firs, except those obviously suppressed, laid down 
fairly wide rings at first and then progressively narrower
rings or rings of a uniform narrow diameter. Too few 
spruoes were sampled to indicate a uniform pattern. The 
lodgepoles showed wide, uniform rings for thirty to forty 
years and then progressively narrower ones except for the 
27-year spurt of growth mentioned ahove. The limber pines 
also had a band of wide rings followed by narrower ones. In 
the few aspens cut or bored no ring growth pattern could be 
determined.
As the interpretation of ring data may be open to 
controversy, Table XII presents the actual ring counts for 
all trees bored. The trees are listed in order of increasing 
diameter, and obvious cases of suppression are starred. 
Communities to which the trees belonged are indicated.
Since the trees were bored at a height of from one to 
two feet, the ring counts indicate only the approximate age 
of the trees. Costing and Reed (1952) state that: "The
early growth of seedlings and saplings of both Engelmann 
spruce and subalpine fir is extremely slow and quite 
variable• n It is hardly possible, therefore, to give even 
an estimate of the age of these species at the time they 
reached the height at which borings were made. About the 
early growth of the limber pine there is no information.
But records of lodgepole growth made in the Arapahoe Rational 
Forest, Colorado (Mason 1915), indicate that the average 
tree grows sit tha following rata#
54
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number of r i n g s , diameter breast h i g h ,
AND HEIGHT OF SAMPLE TREES
TABLE XII
Species Community DBH Height Ring. No.
Abies lasiocarpa
Fir 2 n i 42
Limber 2 8 31
Fir 4 9 29
Fir 3 12 48
M. Lodgepole 3f 16 107*
Fir 4 17 33
Fir 4 20 193*
Limber 4 i 16 40
Fir 5 16 51
Fir 5 20 162*
Fir 6 30 60
Fir 7 40 168*
Fir 7 30 56
Fir 7 31 64
Limber ?# 28 52
M. Lodgepole 9 43 127*
Fir 9* 40 170*
Fir 10 32 62
Fir 12# 40 172*
M. Lodgepole 14 40 87
* Suppressed Trees
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TABLE XII (continued)
NUMBER OF RINGS, DIAMETER BREAST HIGH, 
AND HEIGHT OF SAMPLE TREES
Species Community DBH Height Ring No.
Picea engelmannii Transition 6 £1 91
Limber 9 30 95
Limber 9 30 £33*
Pinus contorts Y. Lodgepole £ 7 38
Y. Lodgepole 4 £4 £6
M. Lodgepole 4 19 £5
Limber 4i 15 40
M. Lodgepole 4i £0 £8
Y. Lodgepole 5 £4 30
Y. Lodgepole 6 ££ 37
Limber 6£ £5 31
Y. Lodgepole 7 30 33
Limber 9 4£ 186
M. Lodgepole I2i 35 190
Fir 13 40 157
M. Lodgepole 14 37 165
Transition 15i £7 Rotting
Fir 17 40 157
♦Suppressed Trees
5?
TABLE XII (Continued)
NUMBER OF RINGS, DIAMETER BREAST HIGH, 
AND HEIGHT OF SAMPLE TREES
Species Community DBH Height Ring No.
Pinus flexilis Limber 8& 22 173
Limber 10 20 166
Limber 11 24 Rotted
Transition H i 30 158
Limber 12 32 211
Limber 13 32 125
Limber 14 32 237
Limber 15 30 129
Limber 15 30 227
Limber 18 24 Rotted
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TABLE XIII 
RATE OF GROWTH OF LODGEPOLE
Years Feet
1
E
3
4
56
0.1
0.2
0.4
0.9
1.4
1.9 
4.7
7.915
Of course, competition and other growing conditions 
directly influence growth, rate. Personal observations and 
the evidence of growth of the present stand, as indicated 
by comparisons between old photographs (to be presented 
later) and present forest, suggest that this growth rate 
may be greater than that of trees in the present stand. The 
trees bored were probably about ten years old when they 
reached the height at which borings were made.
Only seven high shrubs were found on the entire 
ridge: Juniperus communis, Betula glandulosa, Lonicera
involucrata, Sambucus pubens, Rosa sp., Potent ilia frutioosa, 
and Salix sp. Most of these were casual invaders from 
adjacent communities} and only three, the juniper, the elder { 
(Sambucus pubens), and the einquefoil (Potentilia 
frutieosa), were encountered in the transects. The elder 
occurred but once and einq.uefoil twiee (both times in the 
limber pine forest on the south-facing slope). Juniperus 
communis was more frequent. Frequency, coverage, and
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average heights for this shrub are given in Table XI?.
The herb stratum on the ridge was composed of a 
great many species, most of them infretuent. The following 
list contains all plants, including trees and shrubs, found 
on the ridge (List I). There were in all 72 species in the 
herb stratum; two of these, Vaccinium myrtillus and 
Arctostaphylus uva-ursi, were not herbs but very low shrubs. 
Of the herbs themselves, 44 species appeared in the transeet 
plots* The others, with the exception of Pastilleja miniata 
were definitely rare. The frequencies in various communi­
ties of the speeies in the transeet plots and of ?aceinium 
myrtillus are given in Table XV and the densities on the 
ridge as a whole in Table X? I. This table also gives the 
densities of the most important herbs in the various 
communities.
Animal influents
The animal life in a forest is. an integral part of 
the community. The forest flora indubitably controls the 
animal society within its shelter, but the animals in turn
modify the plant society. In this study no attention was
paid to the invertebrate life of the forest, though it is 
indeed important. However, a list of birds (List II) and 
one of mammals (List III) seen on the ridge were compiled.
To the list of wild mammals should be added the domestic
cattle which were pastured here in the late summer and
60
TABLE XIV
FREQUENCY, COVERAGE,AND AVERAGE HEIGHT OF JUNIPERUS COMMUNIS
IN VARIOUS COMMUNITIES —
Area Preq..^ Av. Cover Cover Av.Height
All plots 31.1 249.3 in. 2.9 11.4
Fir 12.5 30.1 0.35 9.0
Limber Pine 43.3 485.7 5.7 11.6
Mature Lodgepole 25.0 256.0 3.0 12.7
Young Lodgepole 11.1 26.7 0.32 18.0
Young and 21.6 203.2 2.3 13.4
Mature lodgepole
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LIST I
SPECIES OF PLAITS FOOTS 01 ENTIRE RIDGE
Pteridophyta
Selaginellaeeae
Selaginella densa Rydb.— Rock Selaginella
Spermatophyta
Gymnospermae
Pinaceae
Abies laslooarpa (Hook.) Butt•— Subalpine Fir 
Juniperus communis 1.— Common Juniper 
j^ icea engelmannii (Parry) Engelm.— Engalmann Spruce 
Plnus contort a Doug 1«- -Lodgepole Pine 
Pin us flexilis James--Limber pine
Angiospermae
Adoxaeeae
Adoxa mosehatellina L.— Musk-root 
Betulaceae
Betula glandulosa Michx.— Bog Bireh 
Campaa ulae eae
Campanula rot undifolia L.— Common Harebell 
Caprifoliaeeae
Lonicera involucrata (Rich.) Spreng.— Bush Honey- 
suckle
Sambuous pubena Miehx.— Red-berried Elder 
Caryopbyllaceae
Arenaria fendleri Cray— Sandwort 
Silene scouleri Hook. —  Catchfly; Campion 
Compositae
Achillea lanulosa Nutt.—  Yarrow 
AnaphalTs margaritacea (L.) Clarke— Pearly 
Everlasting 
Antennaria rosea Greene— Pussy toes 
Arnica cordifolia Hook.— Heart-leaved Arnica 
Crepis runcinata T. & G.— Hawksbeard 
dirsium americanum (Gray) Robins.— American Thistle 
Irigeron compositus Pursh--Fleabane; Daisy 
Erigeron peregrinus (Pursh) Greene— Subalpine Daisy 
Senecio fendleri Gray— Golden Ragwort; Butterweed 
Senecio triangularis Hook.
Solidago multiradiata Ait.— Many-rayed Goldenrod 
Taraxacum sp. (probably T. officinale Web.)— Dande­
lion 
CrassulaeeaeSedum lanceolaturn Torr. (Sedum stenopetalum Pursh) 
— Stonecrop
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LIST I (continued)
SPECIES OF PLAITS FOUID 01 EITIRE RIDGE
Crassulaceae (cont inued}
Sedum rhodanthum Gray— Rose Crown 
Sedum rosea (L. ) Scop.—  Ring' s Crown 
Cruciferae
Aralis drummondii Gray--Rock Cress 
I)raba st'r'eptocarpa Gray— Twisted Draba 
Cyperaceae
Carex rossii Boott.
Carex siceaia Dewey 
Carex sp.
Ericaceae
Arctostaphylus uva-ursi (L.) Spreng.— Kinnikinnik;
Bearberry 
Pyrola minor L.— Lesser Wintergreen 
Pyrola secunda L.— One-sided Wintergreen 
vacoinium myrtillus L.— Myrtle Huckleberry
Gentianiaceae
Frasera speciosa Griseb.— 'Green Gentian 
Gentian a, amarella L.—  Rose Gentian; Amarella
Geraniaceae
Geranium rie'nardsonii F. & T.— White Geranium
Gramineae
Agrostis scabra Willd.— Ticklegrass 
Calama'g'ros't'i's" purpurascens R. Br.— Purple Reed-grass 
Pestuca o'vina va'r. brachyphylla (Schult.) Piper 
--Alpine Fescue 
Oryzopsis micrantha (Trin. and Rupr.) Turb.— Littleseed 
Riee-frass 
Phleum pratense L.— Timothy 
Poa pratensisL.— Kentucky Bluegrass 
Trisetum splcatum (L.) Richt.— Spike Trisetum
Hydrophyllaeeae
Phaeelia sericea Hook.— Purple Fringe
Leguminosae i
Astragalus parryi Gray— MJlk Vetch 
Lupinus argenteus Pursh— Common Lupine 
Oxytropis multiceps lutt .--UteCted Loco
Thermopsis divariearga gels*— Golden Banner; Golden
Pea
Trifolium repens L.— White Duteh Clover
Liliaeeae
Zygadenus elegans Pursh— Death Camas
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SPECIES OF PLAITS FOUND OH ENTIRE RIDGE
, AOnagraceae
Epiloblum angustifolium 1.— Fireweed 
Epllobium paniculaturn Hutt.— Panicled Willow-herb
Qrchidaoeae
Habenaria viridis (L.) R. Br.— Green Bog-orehid 
Polygonaceae
Polygonum douglasii Greene— Knotweed
feumex acetosella L.— Sheep Sorrel
ftumex tri'ang ul i v'alvis (Banser) Rech.f.— Willow Dock
Primulaeeae
Androsace septentrionalis L.— Rock Primrose 
Pod'eeat'Keon radicatum Greene— Shooting-star 
Primula ' parryT Gray— Parry Primrose
Ranunculaceae
Aconiturn Columbianurn Nutt.--Monkshood 
Anemone glob'osa 1ut7.— Pacific Anemone 
Anemone p'a"t'"e"n'sr L.— Basque flower 
Caltha leptosepala DC.— Marsh Marigold 
Pro'llius laxus Salisb.--Globeflower
Rosaceae
Fragaria ovalis (Lehm.} Rydb.— Wild Strawberry 
Potentilia fissa Nutt.— Sticky Cinquefoil 
Potentilia fruticosa L.— Shrubby Cinquefoil 
Potent ilia pulcherrima Lehm.— Soft Cinquefoil 
Rosa sp.
Salieaceae
Populus tremuloides Mi ehx.— Quaking Aspen 
Salix sp.— Willow
Serophulariaceae
Castilleja miniata Dougl. — Scarlet Paintbrush 
Pedieularis groenlandica Retz.— llephantella 
Pedicularis parryi Gray— Parry Lousewort 
Pedicularis racemosa^ Dougl*-—White-flowered Lousewort 
Peitstemon alpinus Torr.—  Alpine Pentstemon 
feronica alpina 1.— Alpine Speedwell
Umbelliferae
Gsmorhiza obtusa (0. A R. ) Fern.— Sweet Cicely 
Pseudoeymopterus montanus (Gray) C. & R.--Yellow 
Mountain Parsley
LIST I (continued)
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BIST II
BIRDS FOUND OH RIDGE DURING BATE SUMMER (1953)*
Mountain Chickadee
* All names used are from Peterson 1941*
** Seen in very large flocks flying over ridge in 
late summer.
WILD MAMMALS FOUHD 01 RIDGE DURING LATE SUMMER (1953)*
Black Bear— Buaretos amerioanus (Fig. 30)
Say’ s Ground Squirrel— Callospermophilus lateralis 
Western Chipmunk— lutamias sp.
Pine Squirrel--Seiarus fremonti fremonti 
White-footed Mouse— Beromyscus sp. ~
Meadow Mouse— Mierotus sp.
Yellow-haired Porcupine— Erethizon eqixanthum 
Rocky Mountain Snowshoe Rabbit— Lepus bairdi bairdi 
Cottontail— Sylvilagus sp.
Wapiti— Cervus canadensis nelsoni
Dusky Grouse 
Franklin's Gull**
Owl (species uncertain) Nighthawk
Red-shafted Flicker 
Hairy Woodpecker 
Empidonax sp.
Rocky Mountain Jay 
Steller’s Jay Raven
Clark’s Nutcracker
Red-breasted Nuthatch 
Creeper 
Rock Wren 
Hermit Thrush 
Townsend’s Solitaire 
Ruby-crowned Kinglet 
Audubon’s Warbler 
Pine Grosbeak 
Pine Siskin 
Green-tailed Towhee 
Grey-headed Junco
BIST III
* All names used are from Warren 1942.
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II 
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STRATUM 
II 
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VARIOUS 
COMEUIITIES
early fall of the year, These cattle crop the herbs and 
trample the duff of the moister parts of the forest. They 
probably destroy a few spruce and fir seedlings and somewhat 
influence herb distribution; but they are not, on the whole, 
very important influents. lor are the deer and the wapiti 
or the rabbits and the hares, Their browsing and grazing is 
apparently largely confined to subordinate speeies in the 
plant community. She black bear certainly eats huckleberries 
and kinnikinnik berries and thus somewhat affects plant 
distribution, but the bear and the other carnivores which 
probably roam the ridge have an indirect influence which is 
more important: they affect the number of rodents.
And the rodents directly influence seed distribution 
and forest growth. Squirrel caches, such as the one shown in 
Figure 31, are found all over the ridge. Most of the caehes 
are of limber pine cones, but lodgepole cones are also found, 
and several piles of cone scales of all kinds were discovered 
in various communities, The pine squirrels were constantly 
in evidence in the limber pine forest during the latter part 
of the summer. They were busy picking and storing green 
cones. They also cut off a few tree branches. Mice probably 
influence seed distribution, too. The porcupine, on the 
other hand, is a direet destroyer of young trees. Ample 
evidence of his marauding was found on the ridge.
Of the birds listed, most eat insects and thus protect 
the forest. The owl, of course, dines on rodents; and much
7E
Fig. 30. One of several logs clawed 
apart, apparently By a black bear 
in search of ants.
Fig. 31* A pine squirrel’s cache of 
lodgepole cones hidden in the fir 
forest.
squirrel and mouse fur was found in owl pellets, fhus the 
owl, too, is a protector of the forest, fhe nuteraeker may 
also eat an occasional mouse, hut he is primarily important 
as a destroyer and distributor of pine seeds. Many nut­
crackers were seen tearing apart the cones of the limber 
pine.
Environmental Factors on the Eidge
Soil
During the course of the study some attention was paid 
to environmental influences on the ridge, especially to the 
soil. Figure 2 shows the approximate position of the soil 
holes, fhus plots 1 and 10 were at the foot of the southwest 
slope, plot 19 in the middle of that slope, 28 on the ridge 
top, 37 on the brink of the north slope, 46, 55, 64, and 73
on the steep northeast slope, and 82 on the more gradual north­
east slope. Blot 1 was in fir, plot 10 in transition, plots 
19 through 46 in limber pine, plot 55 in transition, and 64 
through 82 in young lodgepole forest, fables XVII and XVIII 
give the percentages of the particles of various sizes in
oven dry soil, the per cent of water in the soil at the time i
of testing (all samples were taken in a single afternoon), 
and the pH as determined by colorimetric tests.
fhe layer of unassimilated humus (A0 horizon), 
measured at each soil hole, was usually scant. It varied from 
two inches (in transition plot 55) to nothing, fhe different 
forest types generally revealed no significant variation.
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The A^ layer, the layer into which organic material had been 
assimilated, varied from zero to four inches and varied from 
plot to plot, but had practically no reference to community. 
On the average the layer was from one to two inches thick.
In the fir plots and the limber pine plots the layer in 
which the fine roots of herbaceous plants were plentiful 
extended from two to five inches below the soil surface. 
Coarser, larger woody roots extended in quantity only to 
from nine to eleven inches. In the lodgepole pine plots, 
however, both fine and coarse roots were uniformly distrib­
uted down to seven inches. Below that depth there were very 
few roots except those of the larger trees.
The soil color varied markedly from one plot to 
another. (See Fig. 2.) It was bright yellow-orange to 
the depth of thirteen inehes in plot 1. The color was 
progressively lighter in the plots higher up on the slope, 
but soil holes in plots 10, 19, and 28 showed no ash-gray 
A horizon. In plot 37 the gray A horizon extended to 
twelve inches and then gave way to a bright yellow B 
horizon or zone of deposition. In plots 46, 55, 64, and 
73 the A horizon extended below thirteen inches, but in 
plot 82 the B horizon again appeared at twelve inches.
Light
light intensity varied with both community and slope. 
Table XIX-A shows the variation with community, and 
XIX-B shows the variation with slope. The actual light
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TABLE XIX
LIGHT 1STTENSITY ON RIDGE AT NOON, SEPTEMBER 5, 1953*
A. Variation with Communities
Area Average light 
intensity
Range of intensity
Fir plots 2,564 66-8,550
Limber pine plots 3,502 88-9,400
Young lodgepole 3,826 210-8,700
B. Variation with Slope
Slope Average light 
intensity
Range of intensity
All plots 3,541 66-9,400
Level 3,177 66-8,800
Southwest slope 3,517 220-9,400
Ridge top 3,244 180-9,200
Northeast slope 3,700 88-9,200
* All readings are in foot—candles*
conditions are, of course, a product of an interaction of 
tooth cover conditions and slope. This interaction will toe 
discussed later.
Climatic conditions
Unfortunately, the weather data summaries from the 
Hill’s Mill stations of the Institute of Arctic and Alpine 
Research are not yet complete, fatole XX, however, gives a 
summary of several important climatic faetors for the 
representative winter and summer months of January and July.
80
SUMMARY OF CLIMATIC LATA FROM SOUTH-SLOPE, RIDGI-TQP AND 
NORTH-SLOPE WEATHER STATIONS FOR JANUARY AND JULY 1953
(RECORDS FROM THE INSTITUTE OF ARCTIC AND ALPINE ECOLOGY
HILL’S MILL STATIONS)
TABLE XX
January July
South Ridge North South Ridge North
slope top slope slope top slope
Air temp, in °F.
Maximum 
For month 
Mean
Minimum 
For month 
Mean
Mean
Soil Temp, in °F.
5-7 inches 
Maximum 
For month 
Mean
Minimum 
For month 
Mean
Mean
11-13 inches 
Maximum 
For month 
Mean 
Minimum 
For month 
Mean 
Mean
46 44 46
40.6 29.1 29.9
-5 -7 -3
17 16.3 16.8
23.8 22.7 23.3
30.5
27.6
32.0
29.7
29
25.3
18
20.8
21.0
23.2
20.0
21.8
24.2 26.5 23.6
30.0
27.8
31.0
29.3
28
25.5
21.5
23.4
25.0
26.0
20.521.8
25.6 27.7 23.7
79 74 77
67.6 66.7 70.61
37 39 34
49.1 44.1 45.0
57.5 55.3 56.7
76
71.4
72
67.0
71.5
67.5
52
54.1
48
50.7
49
52.0
62.8 59.3 59.8
67.5
64.2
62.5
60.1
67.5
63.7
52
54.3
52
54.3
52
54.9
59.6 57.2 57.3
Total miles 12,423 16,151 10,693 3,631 4,532 3,497
Av. Velocity(MPH) 16.7 21.7 14.4 4.9 5.4 4.7
Precipitation 3.15 1.78 2.85 2*97 3.83 2.81
in inches of
water
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TABLE IX (continued}
SUMMARY OF CLIMATIC LATA FROM SOUTH-SLOPE, RIDGE-TOP AIL 
UORTH-SLOPE WEATHER STATIONS FOR JAIUARY AID JULY 1935
January July
South Ridge lorth South Ridge Horth
slope top slope slope top slope
Relative humidity
Maximum
For month 100 100 100 100 100 100
Mean 90 90 84 95 97.2 88.3
MinimumFor month 17 14 18 16 8 19
Mean 47 47 45 41.3 36.0 37.5
Mean 69 68 65 68,1 66.6 62.9
DISCUSSIOI
The communities on the ridge have now been analyzed 
to some extent into their component parts; now an attempt 
will he made to again resynthesize each into a present land­
scape, add as much of the historical background as ean be 
discovered, and suggest the outlines of the future. Then, 
after dealing briefly with shrub and herb stands alone and 
with some features of the soil patterns, the whole ridge will 
be considered as an integrated composite of the communities 
and an attempt made to discover the factors controlling 
community distribution and integration*
The fir community
In the fir community all tree species except the
aspen are present. The limber pine, however, oceurs only-
very rarely and then not as a mature tree. Lodgepoles,
with a frequency per cent of 38.4 and a density of 0.9, are
common. They contribute significantly to the basal area.
However, at present, almost 75 per eent of the lodgepoles
are less than two feet high. Few have survived to become
saplings in the last few years: apparently the mortality
rate is high. There are many large trees now but few
saplings to develop into large trees as the old ones die.
And for some reason there are neither limber pines nor 
lodgepoles one and two years old. The spruce is present in
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only about one fourth of the plots except as one- and two- 
year seedlings, hut it is represented by a good many 
individuals (density 2). These are almost all small; con­
sequently, spruce contributes practically nothing to the 
basal area. There are a great many one- and two-year 
seedlings. Although this tree has had a very low rate of 
either reproduction or survival in the past, judging from 
the scarcity of trees more than two feet tall, its present 
reproduction indicates that it may become more plentiful.
Fir is the dominant species— frequency 92.3 per 
cent, density 5.7. It contributes about two thirds of the 
total basal area. It is apparently maintaining itself well 
since individuals in all size classes are plentiful. One- 
and two-year seedlings are very eommon; and though there are 
fewer individual firs in this class than there are spruees, 
the firs are distributed more widely through the community, 
layering of either fir or spruce is very uncommon in this 
forest. lor would it be expected in a close stand where 
there are few branches near the ground (Cooper 1911).
Since this community has the densest population of 
any on the ridge, it is not surprising that it also has the 
highest mortality. Most of the deaths have been in dense 
clumps of trees within the main forest, where the competi­
tion was quite severe; but several were also on the border
of the swampy area. Here a band of peripheral casualties 
indicates not only tree competition, which is great in so 
moist a region, but also an extension of swamp flora into
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the forest domain. Apparently the poor drainage conditions 
which have created the swamp have extended just enough to 
suffocate or otherwise kill the fringing forest trees, fhe 
spruces have suffered much more than the firs. Apparently 
they cannot tolerate swampy conditions as well, Their death 
here, therefore, explains their rather high mortality rate 
in proportion to their absolute numbers. Considering their 
absolute numbers, the lack of dead lodgepoles in the 
transect strips is surprising. However, very small dead 
trees usually remain standing for only a short time and 
then may be easily overlooked, That many of the large 
lodgepoles have died in the last few years is revealed from 
the comparison of the present community with old photo­
graphs obtained from Miss Fern leas.
Increment borings reveal that the large lodgepoles 
are quite old-*about 175 years. Most of the firs have made 
good growth but are not very old (50 to 70 years). There 
are, however, a few firs between 175 and 200 years old.
There is very little high shrub cover in the forest. 
Juniperus communis is the only species which is even 
relatively common, and it has very little importance in 
the total community picture. Herbaceous cover, on the other 
hand, is varied, and in places where the shade is not too 
deep, quite dense. There are many more herbaceous species 
here than in any of the other communities; eleven of the 
44 species found in the transects are confined to this
forest. The most important herbs are Epilobium angusti- 
folium, Erigeron oompositus, Fragaria ovalis, Gentiana 
amarella, Lapinus argenteua, Fyrola secunda, Carex rossii, 
end Carex sicoata. Yaccinium myrtillus is present in half 
the plots.
Soil texture is very coarse, as it is on the entire 
ridge. The soil water content is comparatively high. The 
soil is slightly, though not much, more acid than that of 
the other communities tested. The average light intensity 
and the range of light intensity are considerably lower than 
in any other community,
Part of the past history of the stand can be pieced 
together from old photographs and the recollections of those 
in the region in earlier times. Figures 32 and 33, copies 
of old photographs taken in 1925, show that many trees 
within the stand were cut, although the stumps have now 
largely disappeared. This cutting was done sometime between 
1896 and 1918 by the Hill Sawmill. Another photograph 
(Pig. 34) taken the same year indicates that the stand then 
contained a greater number of large lodgepoles than are now 
to be found and that the growth of young fir was not very 
heavy.
These two photographs justify considering the stand 
suceessional. But the cutting has probably not been a major 
factor in instigating or controlling the succession, though 
it has surely influenced it. The older suceessional process 
revealed by the second photograph and by internal evidence
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THE FIR COMMUNITY IH 1925
Fig* 32 and 33* Evidence of cutting in the fir community.
Fig. 34. Old 
mature lodgepoles 
in the fir 
community.
from the community itself, is more nearly the pattern of the 
community* The succession probably started, with a dense stand 
of lodgepoles. As part of these matured and died, small firs 
came up beneath the sheltering shade of the remaining pines*
By the time the cutting occurred, some of these firs had 
reached sapling size. The cutting released them from partial 
suppression, but it did not radically alter the suceessional 
process.
To briefly review the internal evidence of succession 
—  the large lodgepoles in the community have mostly reached 
or passed maturity. Mason (1915) states that lodgepoles are 
mature when they are about 140 years old and eight to twelve 
inches in diameter. The two trees bored in the fir forest 
are both more than 157 years old. They are seventeen and 
thirteen inches in diameter. The several other trees found 
which had a comparable girth may be presumed to have reached 
an approximately comparable age. There are many seedlings 
in the forest, but almost no saplings or young trees. 
Apparently the seedlings in past years succumbed before reach­
ing sapling size; we may presume that the eurrent ones are 
headed for a similar fate. The findings of many workers, 
including Clements (1910) and Hansen (1940), indicate that 
the lodgepole pine is a succession tree and will, unless 
further disturbance occurs, be replaced by more tolerant 
species; for, although it oan persist suppressed for long 
periods in pure stands, it cannot tolerate much overhead
shad© (Mason 1915). The size of the young trees in the fir 
forest strongly suggests that they did not come in after the 
secondary disturbance of cutting. They will probably not 
start a new phase of lodgepole succession. The presumption 
is that the pines are on their way out.
Already lodgepole has been succeeded by fir as a 
dominant. But why, in a region where the typieal climax 
forest is a mixture of co-dominant spruce and fir, by the fir 
alone? The question cannot be conclusively answered, but 
the situation is not unique. Bates (1917) found that where 
the fir exists at all, in a subsere brought about by light 
cutting, fir seedlings will preponderate in the reproduction 
though after heavy cutting spruce will have an equal chance. 
Lowdermilk (19S5) in the Big Creek drainage of the Blackfoot 
National Forest in Montana found that in the natural 
(unburned or uncut) forest in eleven l/16-acre plots the 
following ratios obtained:
Engelmann spruce up to two inches d.b.h.--96 
Engelmann spruce three to eight inches d.b.h.--64 
Alpine fir up to two inches d.b.h.--153 
Alpine fir three to eight inches d.b.h.— 151 
He concluded that:
Restocking in the northern Rockies runs predominantly 
to alpine fir in the natural forest. Alpine fir is, 
however, disposed to defect to a much greater extent 
than spruee, and never attains the dimensions of the 
latter.
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Sperry (1936) studied a fifty-by-fifty-foot area in Hidden 
Valley at 9,000 feet in Hooky Mountain national Park. He 
counted 128 spruoe and fir in the area. Of these 59 per 
cent were less than six inches in diameter and about 85 
per cent were fir. Thirty-five per eent were less than five 
feet tall. Another plot gave similar results.
A few community findings have shown a lesser propor­
tion of fir. An investigation by Hodson and Foster (1910) 
in Colorado showed more spruce reproduction. And Costing 
and Reed (1952) found that although there are more seedlings 
of fir than of spruce in the virgin forest the survival of 
spruce is greater in all size classes up to the canopy.
But at least a few studies showed a fir predominance 
in reproduction and in young trees. The trees in the fir 
stand on the ridge are mostly young. Ring counts of nine 
of the fourteen borings from the stand range from 29 to 62 
rings; the trees, therefore, are probably considerably less 
than one hundred years old. The other five trees are over 
a hundred years old, some, taking into account their prob­
able age at the height of boring, over 200. Perhaps these 
trees served as seed trees for the younger ones. Perhaps 
they were suppressed under the lodgepoles and grew up when 
the lodgepoles died. The present forest is a replacement 
forest (Ives 1941). The trees are younger than those of a
stand that has reached the equilibrium of death and replace­
ment which can go on for countless centuries unless fire or 
cutting or some other disturbance factor interferes.
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Has the stand reached a species equilibrium? It is 
now predominantly fir. Will it continue to be? Probably not. 
It seems reasonable to assume that fir dominance is also a 
stage in succession and that this community, as well as 
several described above in which fir had an apparent or 
actual dominance, will follow the pattern of the virgin forest 
studied by Oosting and Heed. There will be spruces as well as 
firs. What evidence is there for predicting the eventual 
co-dominance of spruce when it certainly has attained very 
little importance in the present community? First, self- 
maintaining stands of mature fir alone certainly have not 
come to the notice of many ecologists; for such records are 
lacking in the literature. If such stands exist they have 
not been described. Second, spruce seedling reproduction is 
surprisingly large in the present community. One- and two- 
year seedlings of spruee are not as evenly distributed as 
those of fir, but they predominate in numbers. There is 
also a surprising number of seedlings over two years old 
but less than two feet tall. Perhaps this reproduction rate 
has long existed, and all the spruces have succumbed before 
reaching sapling height. But considering the findings of 
Oosting and Heed and of others on the survival capacity of 
the spruce, it seems more reasonable to assume that many of 
the spruees will live to maturity. Since the spruce is 
hardier than the fir, if Hansen (1940) is correct in his
conclusions, and since the spruce lives longer and grows 
larger than the fir (Oosting and Reed 1952), the fir and 
spruce will eventually become co-dominant, and the fir 
succession phase will have ended.
But, to return to'the original question, why should 
just fir come in in the first place. She spruce has small 
seeds (Lowdermilk 1925); they often only penetrate the humus 
layer and barely establish contact with the mineral soil by 
the end of their first summer (Bates 1924). The seeds of 
fir are four times as heavy as those of spruce and 
presumably contain more endosperm for the nourishment of the 
young plant (Oosting and Reed 1952). They serve, conse­
quently, to maintain their seedlings in conditions in which 
the shallow-rooted spruce seedlings, without this reserve, 
will die. They can live on duff where spruce will not 
survive (Lowdermilk 1925)— probably because they have enough 
food reserve to enable the roots to reach mineral soil 
before the seedling dies of desiccation (Oosting and Reed 
1952). They are also more shade-tolerant than spruces 
(Hansen 1940). It is possible, therefore, that fir seed­
lings can establish themselves under the shade of lodge­
poles, where conditions are relatively severe both from the 
standpoint of seasonal desiccation and of light, while the 
spruces cannot. This ability would explain both the fir 
succession on the ridge and a corresponding phenomenon
/ observed by young (1907), Iiowdermilk (1925), and the 
author; the increasing prevalence of the fir at higher
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altitudes within the subalpine zone where growing conditions 
are rigorous* The explanation is, however, in apparent 
contradiction to the conclusion of Hansen (1940) about the 
forests of the Medicine Bow Mountains in Wyoming. He states 
that:
It is evident that the fir is best adapted to a definite 
zone on the east slope of the Medicine Bow Hange. The 
limits of this zone are extended upward as the spruce 
tends to modify the rigorous climatic conditions of 
higher elevations, and also extends downward as the 
lodgepole modifies moisture and light conditions at lower 
elevations . . .
The whole relationship between environmental resistance of
the two species is in need of more definite clarification.
But the fact remains that the succession on the ridge, which
is high in the subalpine zone, tends now, at least, to fir
not spruce although there is a seed-tree stock of spruce.
The limber pine community
In the limber pine community all species are present 
in numbers great enough to be important to the total forest 
picture; but since the forest is open and the test plots 
are small, not even the dominant limber pine has a very 
high frequency. The aspen has a frequency of 25 per cent 
and a density of 2.1; it is, nonetheless, the least impor­
tant tree in the stand, where it occurs in straggly patches. 
Over ninety per cent of the individuals present are less 
than eight feet high and almost 64 per cent are less than 
two feet. She mortality among the small aspens is very 
high. They contribute practically nothing to the total 
basal area.
The lodgepole pine has a twelve percent frequency hut 
a low density, it contributes little to the total basal area. 
About a third of the lodgepoles present are seedlings, but 
apparently these never reach maturity; for there are no 
saplings. Two thirds of the trees are above eight feet tall. 
Examination of the actual transeet records, not presented 
here, reveals that of these trees one half are old enough to 
be classed, according to Mason's criteria mentioned above, 
as mature trees. The others are considerably younger; 
their age suggests that they grew up after the cutting, 
which here, as in the fir community, occurred between 1896 
and 1918. A single dead lodgepole, a large one, was found 
in the community.
Pinas flexilis, the major tree species in the stand, 
assumes an incontestable dominance. It has a frequency of 
40.2 per cent and a density of 0.5, but the trees are 
evenly spaced and wide spreading so that the many trunks 
often shade an area with a diameter longer than a single 
plot. The trees are very well developed throughout the 
whole stand despite Bydberg's insistence that Pinus 
flexilis really belongs to the montane zone, since, in his 
opinion, it reaches its best development there (Bydberg 
1915).
The trunks of the limber pine contribute almost 
ninety per cent of the total basal area in the community. 
Surprisingly enough, it is this stand, rather than the 
fir, which has by far the largest average basal area of
94
the four major communities. In the transition between the 
limber and lodgepole forests the basal area is greater, but 
here, too, most of it is contributed by the limber pine. Of 
course, total shade-effect depends on top spread as well as 
trunk coverage, and small trees may contribute considerable 
shade, but the open aspect of the limber pine forest is 
deceptive. Despite the fact that a goodly portion of the 
community is located on a southwest slope, which should 
receive considerably more insolation, especially in the 
summer and fall, than the northeast slope where the young 
lodgepole grows, the measured light averages were less in 
the limber pine community. Light deficiency probably 
accounts for the spacing of the pines; for they are very 
intolerant— probably because of their low photosynthetic 
capacity (Bates 1923). fhey do not photosynthesize as 
efficiently as do the tolerant spruces and firs and hence 
require more sun. Shade may also influence herb distri­
bution. Although it is commonly believed that edaphic 
factors (that is, soil drainage) control herb density in 
the limber pine forest, Young (1907) suggests that it is 
a light deficiency which excludes most species, fhe soil 
tests made during the present study support this conten­
tion; for the soil of the limber pine community was not 
significantly coarser than that of the other communities;
and, at the time of testing, it was slightly moister than 
that of the lodgepole forest, fhat water is available
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for tree growth, even under the hig pines, is evident from 
the thick stands of fir growing in their shade.
Size class distribution of the limber pine is similar 
to that of the lodgepole. Forty per cent of the trees are 
less than two feet high, 2 per cent between two and eight 
feet, and 58 per cent higher than eight feet, fhe seedlings 
are quite small though there are practically no one- or two- 
year seedlings. Many of them are densely clumped and 
obviously unhealthy. Since there are practically no saplings, 
few seedlings can have survived in the past; and there is 
every reason to believe that the present crop will also die. 
The trees above eight feet are almost all q.uite large. Of 
the few which are less than eight or nine inches in 
diameter, almost all are branches which have grown into 
trees after the main shoots died or were out. The large 
trees are very old; many have rotten centers. There are 
also a good many dead limber pines in the community, all 
large.
Though there is more fir than spruce in this stand, 
as in the fir community itself, a good many spruces are 
present. In fact, though the species has a frequency of 
only 9.8 per cent and a density of only 0.1, spruce 
contributes a little more than the fir to the total basal 
area. But the contribution of neither is important.
Spruces are found rather equally distributed in all size 
classes: they are obviously maintaining themselves.
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The fir has a frequency of 19.6 per cent, more than 
twice that of the spruce and about half that of the dominant 
limber pine. Its density is 0.3. Individuals are found in 
all size classes, though a rather low percentage in the two 
to eight foot group indicates either a large seedling 
mortality or a continuous suppression of many small individ­
uals. Such suppression, as the small firs are almost all 
growing under limber pines, probably occurs. The trees 
released from suppression by the death of their fostering 
pine would probably grow up rapidly and stay in the inter­
mediate size classes less time than usual. Of course, a 
high mortality of seedlings may also occur, though neither 
dead firs nor dead spruces were found in the community.
One- and two-year seedlings of both spruce and fir 
are common, and there is little difference in the ratios of 
the two. The fir seedlings are slightly more common (density
0.9 as compared with 0.7 for spruce) but less widely 
distributed than the spruce seedlings (frequency: 16.7 per 
oent, fir; 23.3 per oent, spruce). A great number of fir 
seedlings are found on duff, especially on piles of cone
scales thrown down by squirrels.
Increment borings coupled with diameter measurements
reveal both old and young linus contorts. One of the two 
nine-ineh spruces bored on the ridge has a total of 233 
rings at the height where the boring was taken; and since 
the boring itself gives obvious evidence of suppression,
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tne tree had probably attained quite a number of years’ 
growth by the time it was eighteen inches high. She other 
spruce bored has the same diameter but only 95 rings. She 
fir borings show uniform, fairly wide rings; but, of eourse, 
none of the very small ones were bored. She limber pines 
sampled are all old. Of the trees with solid cores the 
youngest has 125 rings, the oldest, 237. Swo of the trees, 
however, are completely rotted in the center.
She high shrub cover in the limber pine forest 
includes two species, Botentilia fruticosa, the shrubby 
cinquefoil, and Juniperus communis, the ground juniper.
She cinquefoil was found but twice, both times in completely 
open plots near the base of the southwest slope. She 
juniper is commoner here than in any other of the communi­
ties (frequency 43.3 per cent) and here achieves by far 
its greatest coverage— 5.7 per cent of all shrub-plot area 
as compared with an average 2.9 per cent for all communities. 
On southern exposures it often forms very dense patches of 
considerable extent and excludes all other ground cover.
Herb cover is scant. Swenty-one herbaceous species 
and Yaccinium myrtillus are present. Two species,
Botentilla fissa and Bseudocymopterus montanus are confined 
to the community. She most common herbs are Arabia 
drnmmoqdii, Eupinus argenteus, Shermopsis divariearpa,
Gar ex rossii, and Carex siecata. She lupine is much more 
common in this community than in any other; and Vaccinium,
though important in the understory growth, is much less
common here than in any other community. Two animals, the
pine squirrel and Clark’s nuteraoker, are particularly 
common here.
The soil is coarse and slightly less acid than that 
of the fir community. It is very similar in texture, pH, 
and water content to that of the youpg lodgepole area.
What will the probable future of the community be?
The aspen, unless fire or cutting takes place will probably 
remain as scattered, unthrifty little elumps. But if a 
fire which does not destroy the root suckers occurs, or if 
the limber pines are eut, the aspen stand may expand and 
take on more importance. Ives (1941) found aspen was an 
important succession tree in the Colorado headwaters area, 
and many others have also given it this role. The lodge­
poles, maturing but not reproducing adequately, are 
sueeessional trees even here where they have so little 
importance. They will, unless further disturbance occurs, 
pass almost completely out of the forest. The limber 
pines will be eliminated also, probably rather soon. They 
are now old; many have died or are dying. There are no 
saplings to replace them. Within a relatively few years 
they will be gone. The spruees have maintained themselves 
and will probably do so for a time. The firs will hold a
slight dominance for a while. Then the spruees will assume 
co-dominance and the climax forest will have been 
established.
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Bates (1917) found a similar succession in the Pikes 
Peak area, hut several authors, including Bates himself 
(1924) have been impressed by the slowness of the succession. 
Considering the relatively unfavorable sites which the 
limber pines occupy and thelongevity of the species, together 
with the fact that sueeessional trees can grow up only in 
the shade of the pines where the insolation is cut down and 
soil temperatures are lowered and the sun’s desaieating 
powers lessened, the length of the sueeessional process is 
not surprising, fhe firs eannot grow up until the pines 
die; by that time many of them may have died of suppression. 
And the few that do grow up will have to further modify the 
stand environment before the forest ean attain its final 
density.
fhe mature lodgepole community
All species are present in the mature lodgepole 
community, but neither the aspen nor the limber pine is 
very important. The aspen oceurs in the plots only as 
five small root suekers. fhe limber pine is not mueh more 
common; there are seven seedlings and three mature trees in 
the plots. All three of the trees are small. Since there 
are no saplings and sinee the seedlings themselves are 
noticeably unthrifty, we may doubt that they will grow up. 
fhe young trees probably came in after cutting, which 
occurred here, as elsewhere on the ridge, around the turn 
of the century; but they may be somewhat older. They are
not, at any rate, important in the community structure.
There are neither dead, aspens nor dead limber pines in the 
stand.
The dominance of the lodgepole is certainly not 
complete. In fact, the tree might be considered to some 
extent co-dominant with the fir. The pine has a frequency 
of 50.5 per cent and a density of one; it contributes about 
56 per cent of the total basal area. The fir, on the other 
hand, has a frequency of 42.4 per cent and a density of 1.2; 
it contributes about 31 per cent of the total basal area.
The greater basal area of the pine, coupled with its larger 
number of mature trees, probably justifies the consideration 
of it, rather than the fir, as dominant. For more than 50 
per cent of its trees are more than eight feet tall.
Actual field records reveal that about a fifth of 
this number are over eight inches in diameter and can be 
elassed as mature. Some of them are quite old. About as 
old, in fact, as the old firs and lodgepoles in the fir 
community, but younger by far than the 233—year-old spruce 
and some of the old liniber pines. Whether the fir and the 
lodgepole communities represent suceessional stands which 
are younger than the limber pine stand on the ridge, or 
whether the fact that spruces and limber pines live longer 
than the lodgepoles and firs accounts for the differences 
in the ages of the oldest trees is not certain. Spruces are 
known to be long-lived (Costing and Heed 1952). It is very 
probable that limber pines also live a long time. But firs
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can live for about 300 years (Oosting and Reed 1952); and 
although stands of 250-year-old lodgepoles are uncommon,
Mason (1915) reports that there is a stand in Montana which 
is 450 years old. Therefore, since both firs and lodgepoles 
may live to be as old as the oldest spruces and limber pines 
on the ridge, it is not impossible that the older trees 
represent a distinct succession. Distributional patterns and 
the presence of definite transition areas tend, however, to 
controvert this view.
There are young lodgepoles as well as old ones in the 
stand. From the ages of young trees estimated from ring 
counts, it is probable that they came in after the cutting. 
Seedlings and saplings are both present. The small number 
of seedlings and the lack of one- and two-year seedlings 
indicates a decreasing reproductive rate, but the presence 
of saplings indicates that some of the seedlings of the 
recent past have survived, and that the lodgepole stand is 
still some distance from being mature. The admission of 
light into the stand after cutting can account for these 
sapling trees. Of the few dead trees present, all are 
large.
The firs are quite evenly distributed in the three 
size classes. They are certainly maintaining themselves. 
There is a very slight preponderance of individuals in the 
two- to eight-foot class--indicating a favorable growth 
period a few years ago or a release from suppression with
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the death or destruction of some of the lodgepoles. Of the 
trees more than eight feet tall, only about a fourth are 
large and only a few of these are older than 100 years. 
Obviously the firs ‘came in after the old lodgepoles. There 
are several dead firs; all are saplings or immature trees. 
Competition probably accounts for their deaths.
The spruces have a higher frequency in the mature 
lodgepole forest than in any of the other communities except 
the fir stand. The transition areas are, however, very high 
in spruce. In the lodgepole community the spruce has a 
frequency of 14.1 per cent and a density of 0.2. It con­
tributes not quite a tenth of the total basal area. The 
significant feature of the spruce growth is not, however, its 
present importance in the community, but the fact that both 
seedling and sapling percentages are high. Apparently no 
more spruce seedlings start here, but more survive the seed­
ling stage, perhaps because cutting has lessened stand 
competition. Spruce is coming into the community. Only 
17.6 per cent of the spruces are more than eight feet high; 
there is only one old tree. There are no dead spruces in
the community.
The distribution of one- and two-year spruce and fir
seedlings follows somewhat the general pattern of their 
community importance. The fir seedlings have a frequency 
of 50 per cent and a density of 5.3. The spruce seedlings 
have a frequency of 25 per cent but a density of only 0.6.
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Thus the fir is decidedly preponderant in the reproduction.
Only one shrub, Juniperus communis, is found in the 
community. It is, however, quite important. Although it 
is only a little more than half as frequent here as in the 
limber pine area, 3 per cent of the total shrub-plot area is 
occupied. Herb cover is very slightly more dense than such 
cover in the limber pine forest. lo species are confined 
to the mature lodgepole stand alone, but Cirsium americanum. 
Pentstemon alpinus, and Taraxacum sp. are limited to the two 
lodgepole areas. The most important herb speeies are 
Lupinus argenteus, Carex rossii, and Carex aiccata.
Yaccinium myrtillus is a very important constituent of the 
ground cover. It has a frequency of 75 per cent and a 
density of 3S.8. Only in the young lodgepole is this low 
shrub more important.
light transmission was not adequately measured in the 
mature lodgepole forest. The spacing of stands and the 
density of the herb stratum suggest that somewhat more 
light is transmitted here than in the limber pine stand.
Soil conditions were not tested. Field observation indi­
cates, however, that the soil here is very like that of 
either the limber pine or the young lodgepole community.
The probable future of the community is well 
indicated by its present pattern. There is no evidence to 
suggest that either aspen or limber pine will assume more 
importance than they have now. The lodgepoles will probably
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be eliminated— the old ones fairly soon, the younger ones 
only after a considerable lapse of time. Fir will certainly 
increase in importance and assume a temporary dominance, 
later the spruce will assume an e^ual rank in the community. 
Since spruce is important now and is increasing in importance^ 
one can predict that a climax spruce-fir forest, one in which 
spruce is co-dominant, will probably exist here slightly 
sooner than in any of the other stands.
She young lodgepole community
The young lodgepole community is by far the most 
homogeneous stand studied. Three species are present: the
fir, the aspen, and the lodgepole pine; but neither the fir 
nor the aspen is at all important. The lodgepole itself has 
practically no seedlings nor saplings. ¥0 one- or two-year 
seedlings were found. Of the trees taller than eight feet, 
the smallest is two inches in diameter, the largest, seven. 
Thus none are very big— or very old. The increment borings 
show from 33 to 38 rings; the largest tree found in the 
plots had 33. Con sequent ly, none of the individuals can be 
much more than fifty years old. Only three dead trees were 
found in the study plots, two lodgepoles and a limber pine.
Two shrubs, Juniperus communis and Sambucus pubens, 
are present in the stand. The latter is of no importance; 
and the juniper, though it has a frequency of 11.1 per 
cent, gives an average cover of only 0.3 per cent of plot
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area. There are more species of herbs in this community 
than in any other except the fir stand. Only two are 
confined to the community: Festuoa ovina var. braehyphylla
and Boa pratensis; and these two are in a clearing where the 
stand borders the Raehabore Trail. Three species are shared 
with the mature lodgepole forest. The most common species 
are Achillea lanulosa, Antennaria rosea, Arabls drummondii. 
Epilobium angustifolium, Fragaria ovalis, Pentstemon alpinus. 
Taraxacum sp., Thermopsis divarioarpa, Calamagrostis 
purpurascens, Garex siccata, and Carex rossii. Thermopsis 
divarioarpa, the golden pea, had a frequency of 66.7 per 
cent and a density of 16.8. Both Garex rossii and Carex 
siccata were very common. Yaooinium myrtillus had a 
freq.ueney of 88.9 per cent and a density of 44. It was more 
prevalent in this community than in any other.
Light transmission within the stand is surprisingly 
high considering the over-all stand density and the fact 
that the forest is on a northeast slope. The average of all 
light readings is 3,826 foot-candles as compared with the 
over-all average for the ridge of 3,541 foot-candles and 
the average for the limber pine community of 3,502 foot- 
candles. This light transmission probably accounts for the 
rather good herb and Yaccinium growth beneath the tree 
canopy. The soil is coarse, the pH about that of the limber
community*
The history of the stand is somewhat strange. 
Considerable investigation has proved that the fire whieh
burned both this patch of young lodgepole and the adjoining 
unreforested area occurred before 1895— probably in 1890 or 
1891. Between 1896 and 1918 a good many of the standing 
dead trunks of burned trees were out for firewood by the Hill 
Sawmill. Ordinarily lodgepole reproduction would be expected 
to start within a very few years after the burn. Mason (1915) 
found that in one stand 70 per cent of the reproduction 
started in the first five years and 90 per cent in the first 
ten, but the stand on the ridge remained unreforested for a 
longer period. Mr. E. C. Hill, who came to live at Hill’s 
Mill as a child in 1896, states that the young lodgepole 
area was bare of living trees then. Tree ring studies, 
giving a probable maximum age of fifty years to the pioneers 
of the present stand, bear out his observations. Apparently 
the stand pioneers did not come in until ten or fifteen 
years after the fire. Figure 35, a copy of an old photo­
graph of part of the area taken in 1929 by Mr. Hill, shows 
that 25 years ago the stand was still composed of & 
scattering of seedlings and saplings interspersed with the 
dead trunks of the burned forest. Figure 25, showing the 
unreforested area beside the present stand, indicates that 
the lodgepoles are having even more difficulty becoming
established there.
Why should this reforestation have been so slow?
Several factors seem to have been very favorable to an 
almost immediate growth of lodgepoles: First, it is
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Fig. 35. She young lodgepole community 
in 1929.
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evident that the burn was severe enough to destroy all trees 
and the underlying humus layer; for no old trees are found 
in the stand and the present layer of duff is quite thin, 
although the needles of the lodgepoles have been dropping 
down for forty or fifty years, fhe mineral soil bared by a 
clean burn would favor reproduction (Mason 1915), as would 
the coarse granitic composition of the soil (Stahelin 1943). 
Seed trees were available (Stahelin 1943); for the old 
lodgepoles of the adjoining communities should have been 
bearing numerous cones by then. But the lodgepoles did not 
come in quickly.
Although a complete explanation for this delay is 
impossible, two hindrances to stand establishment may be 
suggested. First, it has been shown that herb competition, 
especially of grasses and sedges, can be very detrimental 
to lodgepole reproduction (Stahelin 1943). Openings where 
the present stand adjoins the trail and the unreforested 
portion of the burn bear an extremely dense growth of 
grasses and sedges. Field records show 843 individuals in a 
plot a yard square at the end of the Bellyband franseet. If 
this herb growth started immediately after the fire, the 
young lodgepoles would have had stiff competition to face* 
The maintenance of the herb growth, particularly of grasses 
and sedges, in the unreforested portion of the burn still
makes tree encroachment slow.
Second, even after the fire occurred, there were
plenty of untouched stands nearby in which rodents and birds 
could live. One of these was a limber pine stand, already
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within the community, it is doubtful if the succession will 
be at all rapid. It is probable that this will be the last 
of the communities on the ridge to achieve climax. Ives 
(1941) estimated that it took at least 300 years and often 
more for replacement of climax in the Colorado headwaters 
area, where an aspen sere is usually present, That estimate, 
considering the probable age of the mature lodgepole commu­
nity and of the fir community and the difference in rainfall 
on the Eastern and Western Slopes of the Rockies, would 
probably be somewhat short of the actual succession time 
here.
The transition areas
A brief consideration of the transition areas should 
be sufficient to fit them into their place on the ridge.
All species are present in the fir transition plots. Neither 
aspen nor limber pine is, however, important. All the 
Individuals of these species encountered in the transects 
were small; nevertheless, as Figure 10 shows, a large tree 
or two of the limber pine is to be found outside the tran­
sects. The lodgepole pine has a frequency of 36.4 per cent 
and a density of 0.4; it contributes about 56 per cent of 
the total basal area. More than half of the lodgepoles are 
above eight feet high; the others are distributed in about 
eq.ual numbers between the seedling and sapling classes.
The species is, thus, apparently reproducing, but probably 
not fast enough to maintain its community position.
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here.
The transition areas
A brief consideration of the transition areas should 
be sufficient to fit them into their place on the ridge.
All species are present in the fir transition plots, neither 
aspen nor limber pine is, however, important. All the 
individuals of these species encountered in the transects 
were small; nevertheless, as Figure 10 shows, a large tree 
or two of the limber pine is to be found outside the tran­
sects. The lodgepole pine has a frequency of 36.4 per cent 
and a density of 0.4; it contributes about 56 per cent of 
the total basal area. More than half of the lodgepoles are 
above eight feet high; the others are distributed in about 
equal numbers between the seedling and sapling classes.
The species is, thus, apparently reproducing, but probably 
not fast enough to maintain its community position.
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Spruces are common (frequency SI.8 per cent, density
0.7), but they contribute only a little more than 4 per cent
of the total basal area. About 31 per cent of the spruces 
are seedlings, 50 per oent saplings, and 18 per cent trees. 
Most of the trees are small, fhus the spruce is probably 
coming into the community. The large number of saplings 
may indicate a period of prolific reproduction a few years 
ago, or may be the result of competition and suppression.
The fir has a frequency of 36.4 per cent and a density 
of 1.7j it contributes about 39 per cent of the total basal 
area. The firs are distributed in the three size classes in 
the ratio: 43.2 per cent, seedlings; 32.4 per cent, saplings;
and 24.3 per cent, trees. The trees are both old and young.
The distributional pattern probably represents a stable 
picture of maintenance within the stand and normal mortality 
as the life cycle progresses.
In the limber pine-iodgepole transition plots all
species but the aspen are present. The limber pine and the
lodgepole have the same frequency (21.1 per cent) and the
same density (0.3), but the limber pine contributes four
times the basal area ©f the lodgepole--*indubitably because
of the greater diameter of the average limber pine trunk.
All the limber pines are above eight feet high; in fact,
all are qu.it e large. Actually, the parts of the transition
area which they occupy, the region on the west end of the
ridge, could be considered as minor islands of limber pine 
succession within the transition stand. The limber pine
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here, as elsewhere on the ridge, is a sueeessional species 
which is passing out of the community, fhe lodgepole, 
though it has seedlings in the area, has here no saplings, 
and 60 per cent of the trees are above eight feet high.
It, too, is passing out of the community.
She firs have a high frequency (78.9 per eent) and 
density (2.4), hut most of them are small: 60.9 per cent
seedlings, 30.4 per eent saplings, and only 8.7 per cent 
trees, lor are the trees large, fhe fir is coming into 
the community.
Spruces are surprisingly common, with a frequency 
of 47.4 per cent and a density of 0.6. fhey are found in 
all size classes, but there is an over-preponderance of 
individuals in the sapling class, such as was found in the 
fir transition areas, fhe trees are mostly small. Again, 
either a favorable reproduction period or suppression can 
account for the size of the sapling class, fhe spruce is 
obviously maintaining itself in the community.
fhe relatively high incidence of the spruce in this 
transition area when it is so scarce on most of the rest of 
the ridge is probably the result of rather good cover of 
other species, well-spaeed, which modify environmental 
conditions sufficiently to permit good spruce reproduction 
from the seed trees present. For the total basal area is 
somewhat higher here than in any other region on the ridge. 
Much of this area is contributed by the spreading limber
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pine; but the lodgepole, the fir, and the spruce are also 
important.
Perhaps the relatively high coverage can he accounted 
for by considering the area where the two successional 
stands meet as a region where neither the limber pine nor 
the lodgepole has a margin of competitive efficiency over 
the other. She area is adapted to the needs of both, but 
these need3 are not identical; within the inevitable minor 
variations of the zone, the seedlings of each will adopt 
the spots where the environmental complex is most suitable 
for their growth. In such a situation, the utilization of 
the growing space should be more complete than it would in 
purer stands where the needs of the individuals of the 
dominant species were identical. The shade provided by 
such thiek stands of succession trees should modify the 
effects of insolation so that the seedlings of tolerant, 
climax species could get started more easily than in more 
exposed areas. The spruce seedlings, as well as the firs, 
could grow up.
The future of the transition areas will be the 
future of adjoining stands— the elimination of succession 
lodgepole and limber pine and the establishment of spruce- 
fir climax. But the succession will he rapid relative to 
the other stands.
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Herb and shrub distribution
Several studies of shrubs and herbs in forests 
similar to those on the ridge have been made. Some of these 
studies have been carried out in regions near enough to 
Ilpleut Ridge to warrant brief comparisons. Costing and 
Reed (1952) compiled a list of Angiosperms found during their 
studies of the virgin spruce-fir forests between 10,000 and 
10,600 feet in the Medicine Bow Range of Wyoming. Their 
areas were between 100 and 125 miles north of the present 
area, though the distance traversed in getting there would 
be much greater. They list 43 species of Angiosperms found 
in elimax communitiesj none are trees. Of these 43, twelve 
species were also found in the sub elimax areas of the 
ridge. Twenty-one of their 35 genera were on the ridge.
Rama ley and Robbins (1909) made a list for the Red- 
roek lake area at an altitude of 10,000 feet. The forests 
they studied were rather similar to those on the ridge.
But their species list shows only a slightly closer 
correspondence to the list made for the ridge than does that 
for the virgin forest. Of the 69 species found, one was a 
tree, the aspen. The others were herbs and shrubs. Of 
these 21 correspond to those found on the ridge, and in at 
least five eases the species found are probably the same 
but confusion over synonymy and the identification of 
specimens makes comparison impossible. An intensive searoh 
of the ridge might have revealed a few more of the species
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fouud near Redrook lake, but even considering possible
omissions, the two studies indicate a considerable variation.
In addition, in the description given of the various kinds
of forest found, the authors list Polemonium confertum^ as
important in the dense forest# fhe Polemonium was not
found on the ridge although the fir forest was quite dense
2in many places# lor were Ribes parvulum or Moneses uni- 
51flora, listed for the moist forest, found at all. In the 
dry forest Dasiphora and Arenaria associations are 
described, fhe shrubby cinquefoil (Dasiphora or Potentilla 
fruticosa) and the sandwort (Arenaria fendleri) were both 
found on the ridge, but they were rare and certainly did 
not form anything like distinctive associations.
fhree studies on the herbs and shrubs of lodgepole 
areas alone are of some interest. Mason (1915) lists the 
following species as the typical ground cover in lodgepole 
forests in Montana and Wyoming: Calamagrostis rubescens,
Lupinus serviceus, Chamaenerion (Epilobium) angustifolium, 
Gastjlleja ohromosa, Vaecinium seoparium, Arnica cordifolia, 
and Xerophyllum tenax. Epilobium angustifolium was common 
in the lodgepole stands on the ridge, and Arnica cordifolia 
was found in the young lodgepole, though not in transect
^Probably Polemonium delicatum 
^Probably Ribes montigenum 
^Pyrola uniflora
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plots. Lupinus serviceus and Lapinas argenteus are probably 
identical, and there is some likelihood that yaccinium 
myrtillus was mistaken for Yaccinium scopariam. Castilleja 
chromosa and Castilleja miniata are similar species, and 
Calamagrostis purpuraseens corresponds to its northern 
counterpart. Xerophyllum was not represented on the ridge; 
it is not found in the Southern Rockies at all.
londuvant (1933) studied a succession on denuded 
ground at an elevation of 9,000 feet, near Science lodge, 
fhe successional processes were obviously leading to the 
establishment of a lodgepole stand. During the four-year 
study she found that all the early invaders remained in the 
area but that some became more abundant. She, therefore, 
listed the plants as early invaders with an increasing 
adaptability to a new environment, early invaders with per­
sistent adaptability, and early invaders with decreasing 
adaptability. One might expect that the early invaders 
with increasing adaptability would be present in a young 
lodgepole stand unless a factor due to the tree growth 
itself had eliminated them. Her original list includes 
thirteen increasingly adaptable species. Of these, seven 
are found on the ridge, but only three are actually in the 
forest, fhe rest are in fringe areas sueh as the Albion 
Road itself, fhe three in the forest itself are in clear­
ings. Apparently the herb stratum of the forest changes 
greatly as the trees grew up.
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The final study which we shall use for purposes of 
comparison was made hy Sperry (1936) in Rocky Mountain 
Rational Park. His lodgepole station was considerably lower 
(8,725 feet) than the ridge. In the forest he found ten 
shrubs: Arctostaphylus uva-ursi, Ceanothus fendleri,
Jamesia americana, Rosa sayi^; Ribes cere urn, Shepherdia
9canadensis. Sambucus microbotrys , Symphoriearpos raoemosus,
Ribes saxoaum, and Juniperus communi3. Acer glabrum grew
nearby. This is in marked contrast to the lodgepole forests
on the ridge where only Juniperus communis and a very little
Sambucus pubens grow. Of the former shrub he says: "Juniperus
communis could be classed as an under-shrub and is found in
moist forest areas at elevations below 9,000 feet.” On the
ridge, at 10,000 to 11,000 feet, it grows in all forests,
especially in the apparently more xerie south-slope limber
pine and lodgepole stands. The herbs he found were Arnica
cordifolia, Epilobium angustifolium, Frasera speciosa,
Oreochrysum (Haplopappus) parryi, Pyrola minor, Solidago 
3missouriensis , Solidago decumbena, and Thermopsis 
divaricarpa. Only two, Thermopsis divaricarpa and Epilobium 
angustifolium were important in the ridge lodgepole 
communities.
From these studies one generalization emerges: the 
secondary vegetation of the subalpine zone and of the forest
^Probably Rosa acioularis or a hybrid.
OSambucus pubens.
^Probably not S. missouriensis.
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formations in question is extremely variable, even within 
relatively short distances.
Soil variations
The soil samples were taken along the Bellyhand 
Transect in the center of the ridge in hope that soil varia­
tions with slope and exposure, if they were present, would 
he revealed. But the samples taken were generally coarse, 
and the variations among them were not significant and 
could prohahly he accounted for hy chance alone. Six- and 
twelve-inch-depth samples were not consistently different.
■The water-content tests, though not indicative of 
general soil moisture conditions, should have given fairly 
accurate comparative results. All tests were made after a 
short period of fairly dry weather. All were made on the 
same day and within a short period of time. Therefore, the 
water in eaeh sample should he a measure of the moisture 
retaining capacity of the soil in that particular spot.
The tests indicated that the soil of the fir area was 
definitely more moist than that on the rest of the ridge.
The limher pine and young lodgepole areas showed only minor 
differences in moisture content. Unfortunately, the mature 
lodgepole plots were not tested, hut the presumption is that 
their soil conditions would have heen very similar to those 
of the young lodgepole plots. The twelve-inch samples were 
generally somewhat moister than the six-inch samples.
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All the soil samples tested were acid. The fir 
community showed a pH somewhat lower than that of the other 
areas. Such a result would be expected where fir is domi­
nant; for the content of bases in fir needles is notably low 
and the decomposition products of the litter produced by 
such needles always give an acid reaction (Oosting 1950). 
fhe other soil samples were very similar, varying only 0.E 
of a pH unit. Even the variations noted could be attributed 
to chance or inaccuracies of the colorimetric tests.
fhe width of the AQ and A^  ^layers varied from plot to 
plot, but the variation showed no community correlation. 
Slightly less unassimilated humus was found on the south­
west slope, fhe differences in the depth of the A horizon 
proper were, however, very striking. Actually, no gray zone 
of leaching was present in the plots on the Southwest side 
of the ridge. The soil in these plots had the bright yellow 
color characteristic of the B horizon on the northeast slope. 
But the color beeame somewhat lighter as the plots were 
located progressively higher on the hill. Most of the ridge 
top and northeast slope plots, on the other hand, showed a 
normal A horizon which extended below thirteen inches. In 
the last plot on the northeast slope the gray horizon was 
normal but shallower. Why should the yellow soil exist 
only at the foot of the ridge and on the southwest slope?
One explanation, offered but tentatively, is that percola­
tion of water from below, during at least part of the year,
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redeposits the bright eolored minerals in these soils. Such 
percolation in the plots which border on a swampy area is 
certainly probable. lerhaps some peculiar drainage idio­
syncrasy of the structure of the ridge causes a similar 
condition in the plots on the southwest slope. The presence 
of the patch of aspen in the vicinity of these plots and 
extending from them in a band around the contour of the 
ridge lends credence to this theory; for the aspen is 
generally thought to be somewhat more mesic than the pines 
(Costing 1950). It may be growing here because of a greater 
supply of water than is usual on a southwest slope. The 
author has, in one other community, seen a ridge on which 
percolation and actual seepage did extend almost to the top 
of a south-facing slope; a thick aspen stand covered much 
of the slope. But the question cannot be settled without 
investigation beyond the scope of this study.
Whatever the cause of profile differences on the 
ridge, they do not have any major importance in the 
communities. The limber pine grows on both yellow and 
gray soils and shows no particular preference for either. 
Soil differences generally seem to have little effect on any 
but the fir community. Here water-content is probably 
important.
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Relationships between communities and factors controlling 
community distribution
A very interesting question in any study of natural 
phenomena is, Mwhy?B. Why, on a single ridge three fourths 
of a mile long and three eighths of a mile wide, should 
there be four distinct suceessional communities? Parts of 
the answer are now evident. Ihere are suceessional commu­
nities because some major disturbance upset the growth 
pattern in the past and destroyed the spruce-fir forest 
which would have occupied, under the normal control of an 
integrated set of climatic influences, the whole area.
Since no other major disturbance factor was likely to be 
present, it ean be assumed that fire alone ravaged the 
hills, fhere were at least two fires, perhaps three, during 
the recent history of the forest. An old and a young 
lodgepole community exist because these fires came at 
different times.
But why should there be a fir stand, a limber pine 
stand, and a lodgepole stand? Ihe knowledge obtained in 
this study of distribution and growth patterns of trees 
on the ridge and of environmental influences operating 
there and the findings of the many workers who have dealt 
with the factors controlling the distribution of Rocky 
Mountain forest trees suggest plausible explanations.
Consideration of the number of rings in the oldest 
trees in the fir and mature lodgepole stands indicates that
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these two successional stands are of an age. Both are 
probably considerably older than the oldest tree found in the 
plots. For both started as lodgepole successions. The 
lodgepoles have been maturing and dying during these last 
25 years. A good many of them were out. Figures 32 and 
33 show that the cut trees were of considerable girth. The 
oldest lodgepoles have probably yielded to inevitable decay 
or the lumberman's saw long ago. Since no primeval, fire- 
scarred giants are to be found on the ridge, it is probable 
that none survived the fire. And if the fire which started 
this succession was severe, the stand that came up afterwards 
should have resembled the present young lodgepole stand, a 
pure stand. Therefore, even suppressed firs would not have 
been in the forest until fifty or a hundred years after it 
grew up; and that number of years can be added to the 
probable age of the oldest of the suppressed firs to give an 
approximate age of 300 years to the present forest. The 
complete succession, the maturation of the firs and the 
addition of spruces to the community, will probably take 
between fifty and a hundred years more. Between 350 and 400 
years in all must then elapse here before the traces of fire 
have been eradicated and the forest is again virgin spruee- 
fir.
But though the stands are of equal age, they are 
fairly distinct. Both started as lodgepole forests, but one 
is now dominated by fir. Soil moisture provides a probable 
explanation. It has been shown in other discussions that
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the lodgepoles’ shade served to modify the environment so 
that the firs could start. Soil tests and general field 
observations indicate that the fir forest occupies the more 
mesie part of the ridge. On one side it borders a swamp and 
on the other the swampy headwaters of Como Creek. Obviously, 
more fir oould start and start sooner here, where the environ­
ment needed less modification, than could grow on the drier 
slopes.
There is also some evidence that the fir-dominated 
area is not as well suited to the needs of lodgepole as the 
drier community. Although Sail and Long (1935) found that 
the seedlings of Pinus contorta possessed considerable 
ability to adapt themselves to the lack of oxygen in 
saturated soils by inhibition of the tap root and development 
of many short, stubby laterals, good drainage seems necessary 
for good lodgepole growth. Mason (1915) found that more than 
35 per cent water in loam and half as much in gravel or sand 
was unfavorable to growth. Best growth occurred in soils 
containing 12 to 15 per cent water, though in gravel, 5 per 
cent was sufficient for good growth. The soil on the ridge 
is very gravelly; one may presume that the lodgepole here 
would need considerably less than the maximum water supply 
for growth. Yet the soil tested in the forest in September, 
during a definitely dry part of the year, contained an 
average 17 per cent water. This may have been somewhat high 
for the season, and it is not unlikely that the area suffers
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periodic droughts when the soil surface, covered with duff, 
is dry for spruce seedlings; but it is certain that in early 
spring and summer the soil is usually much wetter, fhe 
author has tramped through these woods in mid-June when the 
Albion road was a sizable stream and the forest below it 
soggy enough to soak boots thoroughly; yet the weather was 
warm enough for photosynthesis and growth. The location is 
probably a little too wet for the best growth of lodgepole. 
The fir, on the other hand, is adapted to considerable 
moisture. The species is frequently observed growing along 
streamsides or on lake margins and in drainage pockets where 
the soil is constantly wet, even spongy, beneath the feet. 
Altogether conditions seem favorable for fir growth and a 
more or less extended fir sere in the succession.
But if three of the ridge communities are lodgepole 
successions, either starting at different times or proceed­
ing from sere to sere at different rates, why is not the 
fourth community, which occupies so great an area on the 
ridge, also a lodgepole stand? The lodgepole communities 
almost surround the limber pine stand, but the communities 
are distinct, even in aspect. Soils in the young lodgepole 
and the limber pine stands are too nearly alike in texture, 
water retaining capacity, and pH to indicate that they 
have any great influence,on distribution. The difference 
in communities is climatic.
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Unfortunately, little is known about' the life 
history and environmental requirements of the limber pine or 
even about its distribution. It is known to grow at low 
altitudes. A planted tree is growing on the campus of Iowa 
State College, Ames, lowaj and an extensive natural stand is 
found in the Pawnee Buttes area of Weld County, Colorado, and 
in adjacent Wyoming and Nebraska (Gooding 1923). fhe limber 
pine also grows in montane forests with Douglas fir and 
ponderosa pine. It is a common timberline tree in the sub- 
alpine zone. Such an altitudinal range indicates an 
adaptation to a wide variety of conditions.
fhe species prefers warm soils and reproduces best 
on sites where very high temperatures are expected at 
least for short periods. It has large seeds which apparently 
establish seedlings with deep and widespread rooting (Bates 
1924). Its ability to withstand desiccating winds is 
remarkable. Bates (1923) says that this species "represents 
the highest development in structural protection against 
atmospheric conditions." I^is practically immune to 
desiccation by wind (Bates 1924).
fhe lodgepole pine, on the other hand, although it 
germinates best in full sunshine (Clements 1910) where there 
are wide temperature variations (Bates 1924), has a frail 
and shallow-rooted seedling. Insolation is largely respon­
sible for soil temperature (Shreve 1924). And soil 
temperatures may be very high in direct insolation at high 
altitudes (Bates 1924). fherefore, soil temperature may
eliminate lodgepole seedlings while limber pine seedlings 
can survive. Or desieeation from high evaporation in the 
heat may kill the lodgepoles.
Another factor is also important, perhaps more 
important in its effects than insolation, lodgepoles are 
sensitive to wind. Sail and long (1935), while working 
in the northern Eoekies, found lodgepole only in areas 
protected from the wind. They wondered wby. By blowing air 
over flats of seed with an electrie fan they limited 
lodgepole germination severely. They also found that wind 
increased the transpiration rate of Pinua contorta four times 
as much as it did that of Pin us ponderosa. They concluded 
that lodgepoles were thus physiologically and structurally 
unfit to survive in wind conditions.
The distribution of lodgepole on the ridge bears out 
the hypothesis that strong insolation and wind are its 
limiting factors. The limber pine is found on south and 
southwest slopes, on the ridge top, and on the very top of 
the north slope. The south slope obviously receives more 
insolation than any other exposure; and the west slope, 
since it gets its insolation during the hot part of the day, 
is also warm. The ridge top also receives a large amount of 
sunlight— especially in the summer growing season. And 
the southwest slope, the ridge top, and the high north slope 
get much winter wind. Windfalls are extremely abundant 
on the west end of the ridge top (Fig. 19). The records
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from the Hill’s Mill weather stations give the total wind- 
miles for January 1953: 12,423— south slope; 16,151— ridge 
top; and 10,693— north slope. For July of the same year the 
figures run: 3,631— south slope; 4,532 ridge top; and
3,497 north slope. She south and north slope stations are 
fairly well down the slope. Although these figures are 
not strietly comparable to conditions on Ilpleut Ridge itself, 
they give an idea of the high ridge top winds in the winter. 
Summer winds, and their possible effeet on germination, are 
not so important. '
But if the lodgepoles are kept off the limber pine 
areas by too much wind and too much sun, why do not the 
limber pines, adaptable as they must be, extend into the 
lodgepole areas. She soil temperatures and sunlight 
probably favor their germination here, too. Apparently, as 
Bates (1924) has concluded, the tree is intolerant and has 
an extremely low photosynthetic capacity. It cannot, there­
fore, stand competition in favorable growth sites. Conse­
quently, where the lodgepole is adapted to grow it forces 
out the limber pine, and there are two distinct successions.
eosrcitrsioss
Out of the discussion have emerged a few major conclu­
sions which will now he disentangled from the mass of details 
and set down as a series of generalizations:
1. There are four semi-distinct forest communities 
on the ridge; all four are suceessional. Three represent 
stages in a lodgepole succession. One represents a fairly 
typical limber pine succession. Both successions were 
started by fires; both will end when typical Engelmann 
spruce-subalpine fir forest has been established.
2. On the ridge, and probably in regions of the 
northern and central Rocky Mountains, both the lodgepole and 
the limber pine successions may go through a distinct stage 
in which fir is dominant before they achieve the species 
equilibrium typical of the spruce-fir forest, if environ­
mental conditions are severe. The greater size of the fir 
seed, with the resultant powers of resistance which its 
seedling possesses, and the fir’s greater tolerance probably 
account for the tree's temporary dominance.
3. The young lodgepole stand represents a succession 
after a fire. It is about sixty years old. Tree growth 
within the area started ten to fifteen years after the fire 
occurred. This delayed reforestation was probably the result 
of herb competition and the destruction of available seed by 
rodents and birds.
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4. fhe fir and the mature lodgepole stands are of 
the same age and resulted from the same fire. The fire 
occurred about 300 years ago. The' complete return to virgin 
forest will take about 100 years more. The dominance of fir 
in the one stand, as opposed to lodgepole-dominanee in the 
other, is a result of the greater soil moisture in the fir 
area which gives the species a competitive advantage over the 
lodgepole.
5. The two major successions, limber pine and 
lodgepole, are controlled by climatic,and not soil, factors. 
The^  lodgepole is limited in its distribution by excessive 
insolation and high winter winds on the ridge top and the 
south and west slopes. The limber pine is limited in its 
downward extension into lodgepole territory by its intol­
erance which results from its photosynthetic inefficiency.
It is unsuccessful in competition in favorable sites.
6. The subordinant plants, that is, the herbs and 
shrubs, of the subalpine zone and of the forests in question 
are extremely variable even within a relatively small area.
SUMMARY
1. The problem was selected to complement the work 
of the Institute of Arctic and Alpine Research on mountain 
vegetation and environments and to supplement the few 
community studies which have been made in this region with 
quantitative data on subalpine suceessional forests.
2. She study was carried out on a ridge three fourths 
of a mile long and three eighths of a mile wide in the 
subalpine forest at an altitude of between 10,000 and 11,000 
feet in the Front Range in Boulder County, Colorado. The 
ridge, composed mostly of morainal drift, presents a variety 
of slope and exposure conditions.
3. By use of transect methods four separate 
communities, a fir-dominated stand, a limber pine stand, a 
mature lodgepole pine stand, and a young lodgepole stand 
were delineated; and a rather comprehensive picture of the 
quantitative and qualitative character of each was obtained. 
The general aspect of each stand was noted. Species compo­
sition, density, frequency, basal area, reproduction, death 
rate, and age of tree stands; species composition, frequency, 
coverage, and height of high shrubs; and species composition, 
frequency, and density of herbs and of Yacoinium were 
obtained. Animal influents were noted. In the various 
communities the physical composition of the soil, its water
retaining ability, and its pH were determined. Light 
transmission was also recorded. A brief summary of climatic 
variations from data obtained by the Institute of Arctic and 
Alpine Research is given for a representative winter and 
summer month.
4. fhe community and environmental data were 
resynthesized into a comprehensive picture of each of the 
four communities and the transition areas between them, fhe 
communities were compared with those described in the worh 
of various other researchers in the Roehy Mountain region.
An attempt was made to show community interrelations.
5. From these analyses it was concluded that: 
a. All the complex stands represent successions after 
fire, which will eventually return to Engelmann spruce- 
subalpine fir climax forest. b. fhe young lodgepole stand 
is the youngest community on the ridge. Its reforestation 
was tardy and was probably controlled by herb competition 
and destruction of seed by rodents and birds. c. fhe 
mature lodgepole stand and the fir stand are the same age 
and represent different phases of the same suocessional 
process, fheir stand differences result from soil moisture 
variations in the two parts of the ridge which they occupy, 
d. fhe lodgepole is limited in its upward distribution on 
the ridge by excessive insolation and wind. e. fhe 
limber pine is limited by competition. f. The 3ubordinant 
plants of the subalpine zone and of the forest communities 
studied are extremely variable.
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